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Above: Mowdler stainless kettles A 
ond wih S part of its service to the Food Industries during the past 
50 years, Pfaudler has furnished not only the equipment for 


the process but frequently engineered the complete job. As a 
result of this experience in numerous branches of the industry, 
Pfaudler now offers a complete engineering service. | 

In meeting such demands, Pfaudler utilizes materials of equip- 
ment construction that best meet requirements . . . glass-lined 
steel, stainless steels (and other alloys), steel, etc. In fact, Pfaud- 
ler is one manufacturer experienced in the production and 
fabrication of all such materials. 

The equipment now manufactured and coordinated with 
other types, includes open and closed kettles of many designs, 
vacuum evaporators of large and small capacity, heat exchang- 
ers, mixers, fillers, storage tanks, percolators, cookers, etc. 
Wherever possible, standard Pfaudler designs are used. Thus, 
you obtain established performance at low cost. Take advantage 
of this experience on your next problem! 


THE PFAUDLER CO., ROCHESTER 3, NEW YORK 
ENGINEERS AND FABRICATORS OF FOOD PROCESSING EQUIPMENT 
Glass-Lined Steel... Stainless Steels ... Nickel... Inconel... Monel Metal 


THE PFAUDLER CO., Rochester 3, N. Y. Branch Offices: 330 West 42nd St. 


New York 18, N. Y.; 111 W. Washington Ave., Chicago 2, Ill; 1325 Howa 
St.. San Francisco 3, Calif.; 818 Olive St., St. Louis 1, Mo.; 63 West Mil- 
waukee Ave., Detroit 2, Mich.; 1318 Ist Nat'l Bank , Cincinnati 2, 0O.; 


1041 Commercial Trs. Bldg., Philadelphia 2, Pa.; 751 Little Bidg., Boston 
16, Mass.; 334 Chatta 2 Bank Bidg., Chattanooga, Tenn.; P.O. Box 4066, 
Dalles, Texas; Enam Metal Products Corp., Lid. Ho 
Artillery Row, London, S. W. 1, England. 
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The Student and Future Military Considerations 


In these uncertain times the danger of a sudden emer- 
gency ( War) is sufficiently great that all possible prepa- 
rations should be made, including that of feeding a large 
and quickly assembled military personnel. As Colonel 
McKenzie has pointed out recently in the Quartermas- 
ter Review a fairly large reservoir of experienced Quar- 
termaster officers is available at present; but time, 
death, and illness are taking their toll and many former 
officers are unable to continue Reserve Officer training. 
There is a growing need for younger men trained in 
the basic essentials in college and who also have Quar- 
termaster training and industrial food technology 
experience. How can this need be met? 


For one thing food technology instructors should 
indicate to promising upper division students the oppor- 
tunities in the Reserve Corps and in active service in 
the food branch of the Quartermaster Corps. Perhaps 
a representative planning and liaison committee made 
up of Army, Navy, and Air Corps officers and Univer- 
sity food technology professors would be very useful 
in planning and facilitating the ttaining of young food 
technology students and graduates for this field. At 
present it is on a more or less hit or miss basis. Such a 
committee also could do much to secure assignment of 
food technologists to units concerned with food rather 
than to laundry, graves registration, or truck main- 
tenance units, in case of War. 


In some Universities are stationed Quartermaster 
officers who participate in R. O. T. C. training. These 
officers are available for consultation by food technology 
students, and no. doubt would be glad to give several 
lectures on the Quartermaster Corps in established 
courses or might even give a lecture course of one or 
two terms in this subject. Heads of college food tech- 
nology departments should take advantage of the 
presence of these officers on their university staffs. In 
some lniversity communities, such as Oakland, Cali- 
fornia, Chicago, Philadelphia, New York, and Kansas 
City, are Quartermaster Depots or offices, whose ofh- 
cers would probably cooperate with food technology 
departments. 

As to the undergraduate training in universities and 
colleges of prospective, future QM officers the same con- 
siderations apply as in the training of men for the food 
industries. As stated by Edwards (quotation in a re- 


cent Food Technology editorial by C. O. Ball): “The 
great end of education is to discipline rather than 
furnish the mind; to train it to use its own powers 
rather than to fill it with the accumulations of others.” 
In other words the student should get thorough, sound 
instruction in the basic sciences of chemistry, physics, 
human nutrition, mathematics, and microbiology. In 
addition, he should obtain enough engineering to enable 
him to understand the engineer’s language and to super- 
vise processing operations, enough economics, account- 
ing and business administration to give him a good 
basic understanding of military purchasing, accounting 
and administration, enough English and written expres- 
sion to enable him to write clear, concise reports, 
specifications, etc., and enough psychology and human 
relations to help him to get along amicably with fellow 
officers, enlisted men and industrial men and to per- 
suade superiors to accept his recommendations. If it 
can possibly be arranged there should be a QM 
R. O. T. C. unit at all colleges and universities that 
require R. O. T. C. training of their undergraduates for 
those who favor that branch of the service. 

While basic college training is necessary, he should 
also get as much practical experience as possible as an 
undergraduate by working in food processing plants 
during vacations. As opportunity affords he should also 
get as much practical training and experience with OM 
units as possible in his graduate status. A fifth year, 
including both college and Army training, is very 
desirable. 

Finally, the prospective officer will plan to join either 
the Officers Reserve and continue military training as 
opportunity permits or try to obtain a commission in 
the OMC as a career. He should be a member of the 
Institute of Food Technologists and of the professional 
society of his specialty—the American Chemical So- 
ciety, Society of American Bacteriologists, or other 
society. Also, he should subscribe for and read the best 
of the food journals in order to keep up with current 
advances in food technology. 

All of which “sounds like a big order”; in fact it is 
such, and cannot be completed in a mere four years of 
college ; but the latter is the basic foundation on which 
a career must be built. W. 


President, 1. F. T., 1943-44. 


Notes and Letters : 


“FRESH COCKLES!” 


Well, there she is again! “Notes and Letters,” and there 
have been no letters. A section like this cannot live by notes 
alone. 

Certainly there is an articulate readership that has opinions 
to air and exchange, which should find this section well suited 
to their wishes. A moment’s reflection indicates that perhaps 
we have failed to “Call our Wares.” For the benefit of those 
who have something that should be said, a novel view, or just 
a whimsical slant on matters of interest to food technologists: 
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Space Available! 
Notes and Letters solicits your views! 
This is the “Defend-to-the-Death- 
-Your-Right-to-Say-It” Department. 
Small orders given the same discriminating attention 
as the Long Hair Stuff in the other sections. 


Here is a specific suggestion. Write us at once about the 
following : 
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FOOD TECHNOLOGY is faced with the problem of cutting 
costs until the volume of advertising will have been increased. 
Suggestions under consideration for bringing about a reduc- 
tion in number of editorial pages include the following: 


1. Elimination of Section Notes; their publication, if con- 
tinued, to be in mimeographed form. 

2. Elimination of the Abstracts since there are other good 
abstract sources. 

3. Reduction in space given to editorial comment, although 


generally it is believed that some editorial comment should 
be retained. 


FOOD TECHNOLOGY readers are asked to let us know at 
once where they would like to see the “clipping” done if it has 
to be done. Let us know what you want. Don’t wait until 
after a change has been made and then tell us that we made a 
mistake. ‘ 

Let us hear from you. 


N. AND L. EDITOR. 


What Research Means to the Frozen Food Industry 
(Condensed ) 


There exists an extraordinarily fertile opportunity to 
apply research in the frozen food industry. The re- 
search problems which must be tackled are derived 
from the following functions in which the frozen food 
processor finds himself involved : 


1. Experience in industrial processing of food. 
2. A good comprehension of the food to be prepared. 


3. Enough capital to buy good equipment and first 
class raw materials, as well as financing for the early 
experimental and pilot plant stages. 

4. A keen investigative understanding of the pros- 
pective market, and knowledge as to the best methods 
of merchandising. 

5. Studies in freezing and storing the food to be pre- 
pared in order to know the changes in nutrient content, 
color, flavor and texture brought about by processing 
and storage conditions. If such information is available, 
the frozen food processor should be in a position to 
make or break himself — depending entirely upon 
whether or not he applies such research fundamentals. 


I. Processing 


Two important overall considerations which must be 
primarily acknowledged in the application of freezing 
methods are (1) enzyme action, and (2) rate of 
freezing. The only way to stop enzyme action com- 
pletely is by heat or chemical treatment. The latter has 
its disadvantages because of certain restrictions laid 
down by food regulations. Heat treatment, i.e., “blanch- 
ing’ should be maintained at the lowest possible tem- 
perature and for the shortest possible time. Correct 
blanching time and temperature are usually different 
for each product, and sometimes even for different 
varieties of the same product. 


A. Slow Freezing. The liquid portion or juice form- 
ing the major portion of most foods, and containing in 
dsssolved form many minerals, color, flavor and_nutri- 
tional substances, freezes out only pure crystals of ice. 
As more and more water is removed in this manner, 
the solution becomes increasingly concentrated and the 
solids start to crystallize or precipitate. The result is a 
mixture of rather large ice crystals with other solids 
suspended in a small residue of higher concentrated 
juice. Growing ice crystals break cell walls and, after 
thawing, part of the liquid content of the cells leak out. 
The food, therefore, has undergone both physical and 


chemical changes in appearance, flavor, structure and 
color. 

B. Quick Freezing. Here the cell juice is cooled 
about 30° F. below the freezing point of water without 
crystallization (supercooling). At a certain point, it 
solidifies almost instantly, forming a matrix which con- 
tains all of the solids and color suspended in their 
original proportions. The cell walls are stretched, but 
few are broken, and upon defrosting the juice returns 
to its original composition. There is hardly any leaking 
and thus the material is very similar to the fresh 
product. In many products, freezing weakens the 
texture so that the cell walls sometimes collapse after 
defrosting. If the foods are eaten or cooked immedi- 
ately after defrosting, this weakened structure problem 
is almost of no consequence. 

Quick freezing may be accomplished by: 

1. Sharp or still freezing where the packaged ma- 
terial is placed in a refrigerated room at 0° to —15° F. 
until frozen. 

2. Air-blast, where air of high velocity at —10 to 
—30° F is circulated about the product. 

3. Tunnel, similar to air-blast, except that the 
product is passed through a tunnel in a direction oppo- 
site to a blast of sub-zero air (—30° F.). 

4. Single contact, where the product is placed on a 
metal plate or pan cooled beneath by circulating re- 
frigerant at sub-zero temperatures. 

5. Double contact, the best known example of which 
is the Multiplate Freezer. Here the food is contacted 
by two refrigerated plates. 

6. Spray or fog freezing. Freezing is performed 
either before or after packaging by spraying very 
cold brine or sugar solution over the product. 

7. Immersion freezing. Here the unpacked product 
is immersed in an agitated sirup solution at sub-zero 
temperatures. Excess sirup is removed by subsequent 
centrifuging. 

During World War II the Germans froze bulk or 
packaged goods (chiefly fruits and vegetables) at 
Hochst, by covering with liquid nitrous oxide at 
—137° F. The gas was recovered and reused. While 
this pilot plant did not prove financially successful im 
the limited time it was used, it did prove that volatile 
liquid freezing had several advantages over most of 
the known methods, particularly the value of maintain- 
ing an inert atmosphere wherever possible. 


£ 
y 
* 
i> 
4 


‘e and 


cooled 
ithout 
int, it 
h con- 

their 
d, but 
eturns 
eaking 

fresh 
s the 
after 
imedi- 
‘oblem 


ma- 


15° F. 
-10 to 


t the 
)- 


ona 
ig re- 


which 
tacted 


ormed 
very 


roduct 
b-zero 
quent 


uk or 
Ss) at 
de at 
While 
ful im 
olatile 
ost of 
ntain- 


| 


NOTES AND LETTERS 113 


More complete knowledge of the heat capacity of 
foods is an essential in selecting the most economical, 
yet effective freezing method for each product. This 
type of information is required for the more modern 
developments in electronic blanching and defrosting 
procedures. There are already on the market electronic 
defrosters of merit. 


C. The Problem of Water. Of all the problems en- 
countered in food freezing, water presents the most 
trying source of experimental evaluation. Many re- 
search workers are now occupied with the study of 
water in foods and modifications of the natural per- 
centages found, and the subsequent effect on the final 
product. The writer has devised a series of experi- 
ments in an attempt to off-set the effect of ice expan- 
sion on damaging of tissue cells, which occurs to some 
extent even when fairly good quick-freezing techniques 
are employed. 


II. Process Evaluation 

Even when the correct process has been acquired, 
the packer and manufacturer must be able to evaluate a 
successful operation to appreciate what they have un- 
covered. Such process evaluation is usually based upon 
the application of nutritional chemistry and bacteriology 
to each step of the over-all procedure. The supple- 
mentary methods of organoleptic investigations finally 
determine the product’s value. 

From studies along these lines it has been possible 
to observe that frozen foods with too high mineral con- 
tent, possibly due in part to brine processing, contribute 
to final toughness. The fact that freezing of crabs and 
lobsters has not been entirely satisfactory may be 
explained via the amino acid studies. Faulty freezing 
processes may actually bring about a dehydration which 
permits protein substances to combine or coagulate to 
form tough fibrous products within the food. 

Products not recommended for freezing, based on 
lack of process control and current taste preferences 
are: 

“A. Vegetables: Cantaloupes, celery, cress, cucum- 
bers, endive, lettuce, green onions, parsley, radishes, 
green peppers, sliced tomatoes and watermelon. Arti- 
chokes, cabbages, herbs, onions, hot peppers, white 
potatoes, pumpkins and rutabagas. 

B. Fruits: Pears, bunch grapes, pomegranates, cling- 
stone peaches (these may be frozen but are not as good 
as the freestone ). 

C. Juices: It does not seem advisable as yet to freeze- 
preserve vegetable juices other than tomatoes and 
rhubarb. 

D. Dairy Products: For example, when cheese is 
frozen and then thawed, it tends to dry out rapidly and 
become coarse and crumbly. Recent methods are being 
developed: to overcome this problem. 

EK. Shell Eqqs: The shells invariably crack and the 
contents become thick and gummy when _ thawed. 
Shelled eggs can be readily frozen and provide a good 
product when defrosted. 

F. Meats: The only deterrent to freezing of certain 
meats is that they may be cheap cuts and glands. These 
meats do not provide satisfactory food material. 

(;. Fish: In spite of the almost immediate initiation 


of spoilage, fish can be kept almost in as good a condi- 
tion as fresh for many months provided they are frozen 
in the fresh condition as rapidly as possible and are 
maintained at —15° F. 


H. Precooks: Precooked, frozen foods have made 
great advances within recent years. The preparation of 
this class of frozen foods involves far more extensive 
precautions than processes which are based upon fresh 
foods. 

III. Financing and Equipment 

The frozen food industry has, in recent years, flour- 
ished much beyond what might be considered a normal 
growth. Working capital requirements are consider- 
able and equipment demand is very specific so that 
experience in related fields rarely serves the manufac- 
turer to any extent other than to show him the need 
for specialized applications. The freezing process is 
currently the most profitable, but also the most costly 
method of preserving our highest grade foods. Unless 
adequately staffed by competent technical personnel, a 
man entering the frozen food field stands to lose his 
entire investment. The early experimental stages of 
investigation and the pilot plant stages must always 
be carried out prior to the actual production-scale 
processing. 

IV. Merchandising and Marketing 

A. Packaging: A survey of present packaging ma- 
terials will show instantly that many attendant problems 
exist. For example, the fiber package with metal ends 
frequently exhibits bad clinch seals between metal and 
fiber. Tin cans are subject to a public health hazard, 
as are other opaque containers because the consumer 
can not tell if the food has been permitted to thaw out— 
and thus develop bacteria and other undesirable fac- 
tors,—then refrozen prior to sale. 

In the glass container, transparency is not always 
afforded the consumer due to the frosted surfaces. Also, 
the glass container fractures readily on rapid defrosting 
and rough handling. One of the best preservative con- 
tainers for frozen foods to-date is the aluminum package, 
even though it possesses the objection of opacity. 

B. Consumer education apparently does not pertain 
to any particular channel of study, other than that re- 
quired to move a given product. At present the frozen 
food industry is faced with the peculiar situatior of 
production being ahead of sales. To empty the ware- 
houses by creating high demand, it is necessary to edu- 
cate the consuming public in order to promote a frozen 
food consciousness based on superior acceptance value. 
High prices placed on frozen foods represent a barrier 
even when these foods are first-grade products. Price 
research must, therefore, be carried out to show what 
the consumer is willing to pay. Any sales which frozen 
foods hope to attain must be based upon inroads made 
into already garnered markets. It is, therefore, impos- 
sible for frozen foods to hold a market demand when 
the claim is made that they are just as good as fresh 
and canned foods. They must be better or cease to 
exist. 


H. W. Dorn 


Irvin, Neisler and Company 
Decatur, Illinois 


should 
now at 
it has 
t until 
made a 
OR. 


114 FOOD TECHNOLOGY, APRIL, 1949 


Precautions for Methyl! Bromide Fumigations 
(Condensed ) 


Introduction 

Fumigation with methyl bromide, as with other 
gases, must always be conducted with certain precau- 
tions to avoid personal injury to fumigant operators. 

There is no guarantee of absolute safety, but ob- 
servance of the following suggestions will minimize 
the dangers and practical hazards of releasing methy! 
bromide in and aerating a building after fumigation. 


Gas Masks 

A gas mask (including the face piece, canister and 
harness) approved for this purpose by the U. 5. Bureau 
of Mines should always be worn properly, and with a 
full understanding of its limitations at any time it is 
necessary to enter an atmosphere that may contain 
methyl bromide. 

The mask should be checked for leaks before it 1s 
used. This is accomplished by putting on the mask with 
canister attached, placing the hand over the hole in the 
canister and inhaling. If perfectly tight the face mask 
will collapse. 

When methyl bromide is the only gas to be encoun- 
tered a black canister for organic vapors should be used. 
If the presence of other types of gases requires the use 
of the yellow canister or the red all purpose canister, 
protection against methyl bromide is given, but for a 
shorter time than with the black canister. 

The Bureau of Mines approved black canister, face 
piece, and harness is designed to afford protection in air 
having up to 2% by volume of methyl bromide. A 2% 
concentration is equivalent to 5 lbs. of methyl bromide 
per 1000 cu. ft. of space. The length of time a canister 
affords protection depends upon these factors: 

1. Type of canister. 


2. Concentration of gas breathed. 
3. Rate of breathing (Total quantity breathed). 


Based on the concentrations employed in good fumi- 
gation practice employing methyl bromide or methyl! 
bromide containing 2% chloropicrin, and a high rate of 
breathing, the following tabulation of “Maximum Time 
Canisters Should be Used” may be applied. If other 
gases are present these periods of time may be shorter. 


Suggested Maximum Time Canisters 
Should be used in Methyl Bromide F umigations 
Concentration of Methy! Bromide in lbs. 

per 1000 cu. ft. 


Type of Canister 


1 tb. or 1 to 2 2to 3 | 3jto4 
less Ibs. Ibs. Ibs. 
min. min. min. min, 
Supersize Black 
(For organic vapors) 120 60) 45 | 30 


Regular Size Black 
(F@r organic vapors) 60) 30 22 15 
Supersize Yellow 
(For acid gases and 
organic vapors) 30 20 10 5 
Regular Size Yellow * 
(For acid gases and 
organic vapors).............. 18 13 10 5 
Red (All purpose ) | 18 13 10 5 


—— 


*At present no regular size vellow canisters are approved by the U. S. 
Bureau of Mines. 


Always use a fresh canister when releasing the gas in 
a space fumigation. Always use a fresh camster when 
starting to aerate a building. 


Always replace canisters according to the above 
schedule, both during release of gas and during aeration. 
It is recognized that much of the gas will have escaped 
during the period of exposure but one cannot tell how 
much is left at the time the building is opened without 
checking with a Halide Gas Detector. Evidence indi- 
cates there is frequently enough gas left to be harmful 
if breathed for as short a time as 30 minutes. If the 
Halide Gas Detector shows no blue color, only green, 
your canister should give adequate protection for twice 
as long as indicated for a concentration of 1 Ib. per 
1000 cu. ft. 


Detection of Methyl Bromide Gas 


The Halide Gas Detector (known commercially as the 
Prest-O-Lite Halide Leak Detector) which operates 
with an acetylene gas flame is the easiest and most use- 
ful means of determining the presence or absence of 
harmful concentrations of methyl bromide gas. The 
detector consists of an acetylene torch which heats a 
copper cone, and an air tube through which the air to be 
tested is passed over the hot copper. In air containing 
methyl bromide a green or blue flame will be seen in 
the torch depending on the concentration. The follow- 
ing tabulation gives the approximate methyl bromide 
concentration associated with color intensity in the 
fame : 


Methyl Bromide Present Pounds per Flame Color in 


Parts per Million 1000 cu. ft. | Daylight» 
0 0 | No color 
25 | 0.00625 _ Faint fringe of green 
50) | 0.0125 | Moderate green 
125 | 0.031 _ Green 
250 0.0625 | Strong green 
500 0.125 Strong green—blue fringe 
800) 0.20 Strong blue—green 


Blue 


»Note that in using the gas detector at night the flame has a bluish 
cast which has to be taken under consideration, otherwise the color changes 
are the same. 


1000 0.25 


Use the Halide Gas Detector: 


1. After releasing the gas, check from the outside the 
first floor and basement doors, windows and other open- 
ings for excessive leakage. Seal any leaks found to be 
excessive. 

2. Check concentration of gas when starting to aerate 
the building. This serves a two-fold purpose: It indi- 
cates the approximate amount of gas the operators will 
be in during aeration. It will also give an indication of 
the leakage of the building during exposure. This in- 
formation is helpful in determining the dosage to use in 
future fumigations of the building. 

3. During aeration, rest periods should be taken by 
the operators. Although these rest stations should be 
a considerable distance from the building under fumiga- 
tion and in an area free from gas, it is always advisable 
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to check with the gas detector to be sure no gas is 
present. 

4. Use the gas detector to determine when the build- 
ing is completely aerated and safe to be turned back to 
the owner for re-entry by the workmen. 


Releasing Methyl Bromide 


Every space fumigation regardless of how large or 
small should be well planned ahead of time by the 
fumigator. This plan should include such things as size 
and placement of cylinders, fans, route to follow in 
releasing gas and method of turning off the fans. The 
route, when possible, should be so arranged that, start- 
ing on the top floor, the operators can open the valves 
on the cylinders, walk away from the gas being released, 
down the stairway to the next floor. This same pro- 
cedure should be followed on each succeeding floor. 


It is recommended that at the time the caps are re- 
moved from the cylinders the valves be cracked (some- 
times referred to as splitting the cylinders), in order 
to be sure the cylinders will open properly and not 
cause any undue delay during the actual release. 


It is advisable to rehearse the routes to be taken by 
the operators prior to the release of the gas. This serves 
to familiarize the operators with their routes and will 
allow the head operator to check the time necessary 
for the actual release. The routes should be planned’ so 
as to complete the operation in the shortest time 
possible. 

Under no conditions should the operators be in the 
building longer than 30 minutes in releasing the gas. 
If it is impossible for one crew of two operators to re- 
lease the gas in 30 minutes, additional experienced 
crews should be used. 


As a matter of good fumigation practice, two men 
wearing gas masks should always work together when 
the gas is released. These men should always remain 
close to each other, from the time they open the first 
cylinder until they leave the building through the exit 
door. 


Aerating the Building 


At the end of the exposure period most buildings 
will contain a considerable amount of gas. The amount 
of gas remaining in the building at this time will depend 
on several factors such as: original dosage, type of 
building, type of sealing, length of exposure and 
weather conditions during exposure. A quick check 
with the gas detector will indicate the approximate 
concentration of gas remaining in the building which 
should play an important part in the plans for aeration. 
The important thing is to get a few windows or doors 
open on opposite sides of the ‘building on each floor to 
allow for cross ventilation. Start the aeration by open- 
ing all of the doors on the first floor from the outside. 
Allow the building to stand in this condition until the 
gas detector fails to show a blue color. The circulating 
fans should be started as soon as possible and allowed 
to run during the aeration period. Do not try to open 
all the windows on each floor the first time through. 
Two men equipped with gas masks and fresh canisters 
should work together during the aeration as well as in 


releasing the gas. The operators should take rest 
periods in the open air free from any gas after opening 
each floor. After a few windows have been opened on 
each floor, the building should be allowed to aerate for 
one hour or longer. At the end of this aeration period, 
the gas detector will indicate which floors require addi- 
tional ventilation. 


Emergency Care 
There is no need for exposure of individuals to appre- 
ciable concentrations of methyl bromide in proper 
fumigation procedures. Under accidental conditions, 
however, such exposure may occur. Following are pos- 
sible symptoms of methyl bromide exposure : 


Nausea 

. Dizziness 

. Staggering gait 

. Blurring of vision 
. Slurring of speech 


ty 


At the first sign of any of the above symptoms, #n- 
mediately get out of the gas into the fresh air. It is 
advisable for a crew of men on a fumigation job, work- 
ing under the same conditions, to stop immediately if 
one of their members becomes sick. This is based on 
the possibility that if one man is getting gas, they all are. 
The affected operator should be taken to a physician, 
or a physician called immediately. Under no conditions 
should he re-enter a methyl bromide atmosphere until 
he has recewved the approval of a physician. Since there 
is a possibility that the other members of the crew have 
also been unnecessarily exposed to the gas, they too 
should refrain from re-entering the building. Another 
experienced crew should be called to complete the 
aeration. 


Manufacturers of Gas Mask Equipment 


The U. S. Department of Interior, Bureau of Mines, 
Health and Safety Branch, 4800 Forbes Street, Pitts- 
burgh, Pa., gives the following list of companies manu- 
facturing approved gas mask equipment which include 
the black organic vapor canister. This represents 
approvals as of June, 1948. 


Acme Protection Equipment Company 
33-35 West Lake Street 
Chicago, Illinots 


E. D. Bullard Company 
275 Eighth Street 
_San Francisco, California 


Davis Emergency Equipment Company 
45 Hallack Street 
Newark, New Jersey 


Mine Safety Appliance Company 
Braddock, Thomas and Mead Streets 
Pittsburgh, Pa. 


Wilson Products, Inc. 
Reading, Pa. 
F. W. FLercHer 
The Dow Chemical Company 


Midland, Michigan 
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Process Evaluation 


Comment on Stumbo’s “Bacteriological Considera- 
tions Relating to Process Evaluation,” followed by an 
outline of an improved procedure for calculating 
sterilizing processés. 

In the April, 1948 issue of Foop TECHNOLOGY was 
published a fine presentation of “Bacteriological Con- 
siderations Relating to Process Evaluation” by C. R. 
Stumbo. After a study of this paper, I disagreed with 
Dr. Stumbo on his concept of the “probability of sur- 
vival” among bacteria which are uniformly distributed 
within a mass of food. It seemed to me that each unit 
volume of the food substance was being regarded in a 
different light than every other unit volume, and that 
this fact was then disregarded in applying a rate of 
destruction, or survivor, curve simultaneously to units 
of volume of different magnitudes, in calculating the 
“probability of survival” in different regions within a 
container. In this issue ( April, 1949), is another paper 
by Dr. Stumbo, entitled “Further Considerations Re- 
lating to the Evaluation of Thermal Processes for 
Canned Food.” Therein, the same concept of “proba- 
bility of survival” is further discussed. 

The rate of destruction, or survivor, curve tells us 
that the bacterial spores in each unit volume, on the 
average, are affected to an equal extent by a given 
quantity of lethal heat. Our reasoning has been that, 
since this is a fact, bacterial spores are most likely to 
survive in the unit volume which receives the smallest 
amount of lethal heat. This unit volume is located either 
at the center of the container or a short distance below 
the center, depending upon the nature of the product. 
Process calculation procedures have been based upon 
this principle. 

The concept that the greatest probability of survival 
of spores does not necessarily exist in the region that 
receives the least lethal heat, as presented by Stumbo, 
appeared to have logical aspects but it seemed to me 
that his explanation lacked a point which would enable 
me to perceive a logical relationship between this con- 
cept and the idea that has been generally accepted that 
the spores in the unit volume which receives the least 
amount of lethal heat are the ones which are the most 
likely to survive and cause spoilage. Exasperated by 
my failure to see clearly why either this viewpoint or 
Stumbo’s viewpoint is incorrect, I continued to study 
the question. I believe now that | have discovered the 
source of my difficulty and, thinking that my solution 
might be helpful to some other investigator who is 
striving to achieve a clear line of thinking on this prob- 
lem, I decided to try to tell the why of my difficulty. 

The trouble lay in the fact that I was unable to answer 
to my own satisfaction the question: With respect to 
what thing may the phenomenon which was revealed 
by Stumbo be designated “probability of survival’’? 
Obviously, it could not be so designated with respect to 
the unit volume of material but, considering the mean- 
ing of the word “probability,” any other relationship 
seemed illogical. Mental grasping of the new viewpoint 
was hindered also by difficulty in casting aside the idea 
that sterilization of food by heat is concerned only with 
complete destruction of spores. Notwithstanding the 


fact that I myself had presented, in a paper * in 1943, 
the idea that we must think along other lines, my failure 
to carry this reasoning to a conclusion caused me to 
continue to think, without realizing that I was doing so, 
along the old line to such an extent that the correlation 
of the old idea with the new was obscure to me. 

If all of our sterilizing processes could be carried to 
the point of complete destruction of spores, our old 
concept would apply without modification. It cannot 
apply, however, when we concern ourselves with any 
instant prior to the instant of complete destruction. 
Since complete destruction, theoretically, is never as 
sured, we are necessarily concerned with incomplete 
destruction. Certainly, when we think about spoilage 
due to a failure to carry a process to the point required 
for sterilization, we must think about the question of 
where are the surviving spores which cause the spoilage. 
The troublesome obscurity faded quickly when I set 
aside the designation “probability of survival” and sub- 
stituted for it the designation “distribution of sur- 
vivors.”’ 

The line of reasoning which brought to me a clear 
perception of the relationship existing between the new 
concept and the accepted percent survival-time-tempera- 
ture relationship is as follows: 

It is true that the average reduction in number of 
viable spores per unit volume (say 0.1 ml*) is in ac- 
cordance with the rate of destruction, or survivor, 
curve, but, as Stumbo stated, the likelihood of spoilage 
probably depends upon the total number of surviyors 
within the container, not on the number per unit volume. 
The total number is the average number per unit volume 
times the number of unit volumes. 

The crux of the situation with which we are con- 
cerned lies in the fact that the meaning of “probability” 
forbids the use of the word in the sense in which Dr. 
Stumbo has used it. The word has meaning only when 
used in comparing conditions in terms of a basic entity 
which has constant value. In the present case, the basic 
entity must be volume, not regions or layers. The basic 
entity in this problem, as in other problems, must be 
uniform in value; it must be a constant unit volume, 
otherwise the word “probability” may not be used. 

If all unit volumes obtained the same heat treatment, 
the average number of survivors per unit volume would 
be as indicated by the survivor curve, applied to the 
given unit volume, for that heat treatment. When dif- 
ferent unit volumes are subjected to different heat 
treatments, the average number of survivors in all unit 
volumes which are subjected to a given heat treatment 
is that shown by the survivor curve, applied to the given 
unit volume, for that heat treatment. 

There are groups of unit volumes, each of which 
groups comprises a layer of which all parts receive lethal 
heat to give the same /-value. Each such group may be 
called an “iso-F-value group.” According to Stumbo's 
definition, the iso-/-value group which, in the aggre- 
gate, contains the greatest number of surviving spores 
at a given instant in a process is the group in which the 

* Short-time Pasteurization of Milk, /nd. Eng. Chem. 35, 71 
(1943). 
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spores have the greatest “probability of survival.” | 
prefer to designate this iso-/-value group of unit 
volumes as the group which contributes more than any 
other iso-/-value group toward the probability of spotl- 
age, due to under-sterilization, occurring in the product. 
Its contribution is measured by multiplying the number 
of unit volumes in the layer by the average number of 
survivors per unit volume in the layer. This, as | under- 
stand it, is Stumbo’s hypothesis. His computations give 
the weight of this contribution to the probability of 
spoilage. 

To illustrate this principle, let us assume that there 
is one unit volume in the location which receives the 
least amount of lethal heat and that the F-value attained 
there is d minutes. Let us assume that an iso-F-value 
region of “greatest probability of survival,” according 
to Stumbo’s interpretation, can be shown to exist. Let 
us assume also that the iso-/-value region of “greatest 
probabilityof survival” is a region containing thirty unit 
volumes comprising a layer of material in the shape of 
an enclosed cylinder which we will say is one mm. thick 
in the cylindrical wall and of either the same or a dif- 
ferent thickness in the ends, located a given distance 
from the center of the unit volume having F-value, d 
minutes, and that in this region of “greatest probability 
of survival,” an /-value of 2d minutes 1s attamed dur- 
ing the given process. 

During the time in which the number of spores in 
the first unit volume is being reduced to one, let us 
assume that the number of spores in the other thirty 
unit volumes is being reduced to an average of 0.3 spore 
per unit volume. At this instant, the first unit volume 
contributes one spore while the other thirty unit volumes 
contribute 0.3 times 30, or nine spores, to the supply of 
survivors which may spoil the food. 

Notwithstanding the fact that the thirty unit volumes 
having an /-value of 2d minutes contributes nine times 
as many survivors to the supply in the container 
as a single unit volume having an /-value of d minutes, 
we find that it is still true that these thirty unit volumes 
do not contain as many survivors as any equal volume 
(thirty unit volumes) of material lying within the layer 
which comprises the region of “greatest probability of 
survival.”’ By the same token, this group of thirty unit 
volumes, having /-value of 2d minutes, contains more 
survivors than any equal volume (thirty unit volumes ) 
of material lying outside of this region of “greatest 
probability of survival.” Thus, it is important that we 
keep in mind the fact that, although the tso-F-value 
region having the “greatest probability of survival” does 
contain more survivors than any other tso-F-value re- 
gion which meets Stumbo’s definition of such regions, 
the former region does not contribute as heavily to the 
probability of spoilage as does any combination of such 
regions lying within the former region in the container 
and containing a volume of material equal to that of the 
region of “greatest probability of survival.” As stated 
previously, this comparison, to qualify for the use of 
the word “probability,” must be made in terms of a 
uniform volume of food. 

We may explain this example further by saying that 
the fact that the probability of survival is nine spores in 
thirty ml* in one location and is one spore in one ml* in 
another location in the container does not indicate that 


the probability of survival is greater in the former loca- 
tion than in the latter. Such a conclusion would be con- 
trary to the definition of probability. We may correctly 
say that the probability that there will be nine survivors 
in thirty ml* in the first location is the same as the 
probability that there will be one survivor in one ml? in 
the second location. In other words, the probability that 
there will be one survivor in one unit volume in the 
first location is the same as the probability that there 
will be 0.3 survivor per unit volume in the second loca- 
tion. The only thing which a consideration on the 
basis of imaginary layers does in respect to probability 
is to help to show why the probability is what it is. 
When Stumbo’s concept is explained in these terms 
and when the limitations of the old concept are recog- 
nized, it seems to me that the old and the new ideas are 
in perfect harmony. In establishing processes in the 
light of the new ideas, the rate of heating in the location 
receiving the smallest amount of lethal heat can still be 
used for the purpose of determining the total number 
of surviving spores in the container, giving a result 
which is identical to that obtained by using Stumbo’s 
method of calculating on the basis of iso-F-value layers. 
The calculation of a sterilizing process would not, as in 
the past, be based upon the region which receives the 
smallest amount of lethal heat nor would it be based, as 
Stumbo suggests, upon another region which he desig- 
nates as that in which there is the “greatest probability 
of survival” of a spore. Instead, it would be based upon 
the total number of surviving spores in the container. 
The data required for this calculation would be (1) a 
heating rate curve for the point which receives the 
smallest amount of lethal heat, as in the past, and (2) 
a system of rate of destruction, or survivor, curves for 
at least four different temperatures. I visualize such a 
calculation as consisting of the following three steps: 


1. From one of the rate of destruction, or sur- 
vivor, curves (preferably, but not necessarily, the 
curve representing the processing temperature be- 
ing considered), find the time-temperature combi- 
nation corresponding to a reduction from the total 
number of spores in a container to 1 x 10° spore.” 


2. From a phantom thermal death time curve, 
established from the rate of destruction data, find 
the F-value corresponding to the time-temperature 
combination found in step 1. 


3. From the heating rate curve for the container, 
find the time necessary to attain an average F-value 
for the container equal to the F-value found in 
step 2. This will be the calculated process. 


The paper, “Evaluation of the Effects of Heat 
Processing Upon the Organoleptic Quality of Canned 
Foods,” by Ball, Olson, and Boyd, which the writer 
presented on June &th, 1948, at the Philadelphia meet- 
ing of the Institute of Food Technologists, and which 
will be published as soon as necessary extensive tables 
of parametric values have been completed, puts this 
method of calculation into workable form. Therein it is 
applied to vitamins, however, instead of to bacterial 


‘* This figure is arbitrarily chosen; some value either greater 
or less than 1 x 10° may be chosen to indicate the number of 
surviving spores per container, 


sy 


118 FOOD TECHNOLOGY, APRIL, 1949 


spores. It shows the calculation of average destruction 
in the container at any given instant. The method ap- 
plies equally well to bacterial spores and to vitamins. It 
uses the method outlined above for determining aver- 
age /-value within a container. 


The above discussion may add enough to Stumbo’s 
explanation of the principles involved in his concept to 
make his reasoning clear to some who experienced a 


difficulty similar to mine. 
C. Ourn BALL. 


A Note on the Nature of a Flavor Constituent 
from Poultry Meat 


In a recent review by E. C. Crocker (1948), the 
flavor of meat is discussed in two parts: the flavor of 
raw meat and its juices, and the flavor of cooked meat 
and fibre. Crocker indicates that meat flavor is an 
odoriferous compound associated with the cooking 
process. In other words, the flavor of meat is either a 
breakdown product of meat or is only released from 
the meat on cooking. In the same paper Crocker 
described an experiment carried on in his laboratory 
whereby the gases were collected from meat while cook- 
ing. He identified the flavors as hydrogen sulfide and 
an unknown volatile acidic compound. 

Bate-Smith (1948) in his work on pH in relation to 
fasting animals has shown the effect of ingestion of 
food on the pH of meat. Fasted animals have sometimes 
as much as 2 pH units difference in reaction. The nor- 
mal animal has a tissue pH of about 5.8 while the fasted 
animal has a pH of 6.8 to 6.9. 

The effect of fast on pH of tissue is easily demon- 
strated in chickens. However, the fasted chicken is more 
acid than the fasted mammal. The chicken under fast 
has a pH of 6.4 while the mammal has a pH of 6.8. 

Since the method of feeding and the length of the fast 
had such a great effect on the pH of the tissue it seemed 
proper to study the effect of pH on the flavor of 
chickens. 


Experiment : 

An eviscerated, young Leghorn cockerel was ground 
and the meat uniformly mixed. Ten gram samples of 
the flesh were weighed out, and blended with 100 cc. of 
phosphate buffer in a Waring Blendor. The mixture 
was immediately boiled and the flavor evolution from 
each sample graded. The odors were identified as 
closely as possible. 

Results such as these indicated that meat flavor and 
chicken flavor might well be, as Crocker had suggested, 
due to some acidic compound. Indications were that the 
compound was non-volatile under basic conditions. 

In an experiment on dialysis of chicken flesh another 
character of chicken meat flavor was observed. 

Chicken meat was finely ground and homogenized. 
It was placed in cellophane dialyzing membranes and 
dialyzed against distilled water at 0° C. After warming 
to room temperature the dialysate was rich in chicken 
flavor. Further purification and concentration of the 
material was accomplished by use of Duolite A-3 and 
C-3 ion exchange columns. Upon testing the fractions 
from the columns it was found that the flavor had 
absorbed into the anion column, and could be eluted 
with dilute sodium hydroxide. Upon neutralization of 
this eluate a strong essence of chicken evolved. The 


Table showing the change of flavor as pH of the meat changed* 


pH Flavor 


Strong chicken flavor which completely distills 
in a few minutes. 


Strongly acid 
(pH 1 to 4) 


5.8 Strong chicken which persists in the broth. 

6.2 Mild chicken, with a flavor described by tasters 
as “meaty.” 

6.8 “Meaty” flavor more pronounced with a very 
slight odor of chicken. 

7.0 Flavor very weak, described as only “‘meaty.” 

7.2 Flavorless. 

7.6 Detectable odor described as “basic”; a slight 


odor of piperdine was noted in some cases. 


8.0 Sulfury odor predominates; odor described by 
tasters as “‘boiled flavor. 


Ammonia and other volatile amines predomi- 


Strongly basic 
nate to the exclusion of other odors. 


(pH 9 and above) 


* As graded by a group of subjects on a number of occasions. 


flavor constituent could be further purified by steam 
distillation. Care had to be taken in this procedure, for 
though the flavor distilled, it could not be condensed in 
the presence of the carbonic acid from the eluate. This 
carbon dioxide was formed in the ion-exchange eluate 
when the sodium hydroxide was neutralized. It had 
been fixed in the form of sodium carbonate during the 
ion-exchange procedure. 

As the study of the flavor constituent progressed it 
became evident that the removal of flavor from tissue 
necessitated some sort of drastic treatment of the flesh. 
This treatment may be heat, or any chemical method 
available for protein denaturation. The methods tried 
with success were homogenization with alcohol, satu- 
rated urea, and trichloracetic acid. Fatty acid and amino 
acid content of the dialysate from the original proved 
exceedingly high, indicating enzymic digestion had 
taken place. 

Summary 

A flavor censtituent from chicken meat has been 
isolated and partially characterized as to its properties. 
It appears to be a weak acid, produced in the flesh dur- 
ing cooking. The compound is easily dialyzable, and can 
be concentrated on the anion column of an ion exchange 
operation. The flavor can be further purified by steam 
distillation. 
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Ascorbic Acid and Color in Food Products* 


C. W. DuBOIS 


D. K. Tressler and Associates, Westport, Connecticut 


The application of ascorbic acid to the preservation 
of color in food products is described as a result of 
many years’ work by the author. When used as an 
antioxidant for fish, successful retardation of rancidity 
is reported. Some of the other foods advantageously 
treated are: peaches, apples, berries, citrus fruits, 
juices, purees and wine. This paper is based on work 
and results performed by the author. 


Color retention is extremely important in maintaining 
the sales appeal of many food products. Ascorbic acid 
has become an important chemical for many frozen, 
canned and other foods, for preserving their natural 
color. Ascorbic acid may be used with the assurance 
that the flavor is not impaired, in addition to improving 
the product’s nutritive value. 

Ascorbic acid was first used for preventing browning 
of peaches in the freezing, frozen and thawed state. This 
problem was so serious that freezing of peaches dwindled 
to a very low figure. Since its use, frozen peaches have 
become a very important product of commerce. Many 
different materials are reported in the literature as 
aiding in the prevention of browning of fruits. How- 
ever, very few of these materials have ever been utilized 
commercially because of one reason or another. They 
affect either the flavor, the texture, or are not permitted 
by food laws. Some of these materials are glutathione or 
cystine salts, thiosulfate solution, thioamide compounds, 
caramelized milk solids, sodium bisulfite solutions, 0.1 
percent thiourea, 20 percent pineapple juice, 5 percent 
sodium chloride, and acids such as 1 percent sulfurous 
acid, 0.1 percent hydrochloric acid, 2 percent citric acid, 
tartaric acid and lecithin, tocopherols and oat extracts. 

There are objections to most of these products’ being 
used. The Federal Food and Drug Administration does 
not permit the use of thiourea. Sodium chloride is not 
practical because of its effect on palatability. Sulfurous 
acid is a reducing agent and tends to destroy the yellow 
color and gives an objectionable flavor to the product. 
Citric acid has been used after peeling, especially after 
peeling with lye to neutralize the lye and to retard 
browning for a short time until ready to slice. Even 
after holding peaches for a time in 2 percent citric acid, 
they will gradually turn brown. When citric acid is used 
in sirup packs in excess of 0.1 to 0.2 percent citric acid 
of the total weight of the fruit, the fruit becomes too 
tart. At this strength, the citric acid is ineffective in 
preventing discoloration in packed fruits. Lecithin and 
tocopherols are oil soluble and, therefore, are impractical 
to use in water solutions. Oat extracts are ineffective. 
In fact, they encourage browning. 


General considerations in using ascorbic acid: 


(1) Copper utensils should never be used where 
ascorbic acid is added to fruits if loss is to be prevented. 
Ascorbic acid stability in solutions is an important 
consideration. 


* Presented before the Eighth Annual I. F. T. Convention, 
Philadelphia, Pa., June 9, 1948. 
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(2) Under repeated tests, ascorbic acid loss has been 
found to be rapid in water solutions at room temperature 
even though the pH may be rather low, but the ascorbic 
acid is retained for long periods of time in medium to 
heavy sugar sirups ( 30 to 60 percent). 

(3) Where lye peeling methods are used, the excess 
lye should be neutralized by using a fruit acid, 1 to 2 
percent strength, e. g. citric or tartaric acid, before the 
ascorbic acid application. 

(4) In a few instances, with peaches in particular, 
the addition of a very small amount of acid may enhance 
the flavor of the fruit, but the amount acceptable should 
not exceed 0.2 percent of the total weight of the fruit. 
Any one of the other food acids in this strength does not 
prevent browning. Ascorbic acid in the amounts of 
0.03 to 0.05 percent will prevent discoloration when 
dissolved in the sirup to be added to the fruit in the 
ratio of 12 ounces fruit to 4 ounces sirup. 

(5) The storage temperature for ascorbic-acid 
treated foods must be maintained at a low temperature 
of O° F. (— 17.8° C.) or below. 

(6) As much air as possible should be excluded from 
the package. This is rather easily done with small con- 
sumer packages where the air can be forced out before 
sealing, but it is quite a problem with cans and barrels. 
Proper filling aids considerably. 

(7) Since the effectiveness of ascorbic acid is greatest 
on fruits packed in sirup, it is necessary to keep the fruit 
segments completely submerged. Some means of hold- 
ing the fruit submerged, therefore, is desirable. A card- 
board disc seems to be most practical with 30- and 50-Ib. 
cans. 

(8) When ascorbic acid is used, it must be declared 
and labelled to conform with the provisions of the 
Federal Food, Drug and Cosmetic Act. 


Apples: The problem of preserving the color of fresh- 
cut and frozen apples is somewhat more difficult than 
that of peaches. Large quantities of peaches are sold 
retail whereas very few frozen apples are sold in this 
manner. Peaches packed in large containers and sold 
to bakeries are acceptable when packed in sirup. On the 
other hand, the trade will not accept apples packed in 
this manner. Since ascorbic acid is most effective when 
added to the sirup in packing fruits, it makes the prob- 
lem much more difficult. Dipping apples to be used as 
fresh fruit in an ascorbic acid solution permits the hold- 
ing of the apples for many hours without discoloration. 
However, dips for apples to be frozen are less effective 
in preserving color when defrosted. The application of 
ascorbic acid in sirup by vacuum method for a few 
varieties was partially successful, but as a general rule 
it is not recommended. The only method that is com- 
pletely effective is the use of ascorbic acid together with . 
inactivation of the enzymes by heating the apple slices 
at 180 to 185° F. (&2 to 85° C.). Many apples at the 
present time are processed by blanching which consists 
of heating them for a short period in live steam or in 
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TABLE 1 
Ascorbic Acid Retention in Sirup at Room Temperature (70° F., 21° C.) 


Days held 
Treatment -- 
| 0 6 | 7 13 
ma ./mi. mag ./mi. mag ./ mi, ma ./ mil mag ./mi mao./mi | mag./mi | ma 
Ascorbic acid in water... 3.8 | 2.1 0.14 0.12 | 
Ascorbic acid in 60% sirup 2.4 | 2.36 2.23 2.13 | 
Ascorbic acid in 30% sirup... 2.25 
Ascorbic acid in 60% sirup with 0.1% calcium chloride 2.39 | 2.23 | 2.18 2.15 | 2.15 
Ascorbic acid in 60% sirup with 0.1% calcium chloride | | | | 
and 0.05% sodium bisulfite ................................ 2.34 2.22 | 2.31 2.22 2.21 


boiling water to inactivate the enzymes. This method 
renders many of the better varieties soft and mushy. 
Pie-makers object to this type of product. However, 
the same varieties, when heated at low temperatures 
180 to 185° F. (82 to 85° C.) to inactivate the enzymes, 
do not become as soft, but they discolor rather seriously 
while heating through. Ascorbic acid is added to the 
blanching medium, thus preventing any discoloration. 
For the softer varieties of apples, e.g. Cortland and 
McIntosh, minute amounts of calcium chloride have 
been used as a firming agent in conjunction with the 
ascorbic acid, without any significant loss of the ascorbic 
acid if the medium is a sirup or a juice of from 30 to 
50° Brix. 

Analysis was made of losses of ascorbic acid from 
frozen apples packed with sirup, upon defrosting. 


TABLE 2A 


Effects of C. P. Citric Acid on Retention of Ascorbic Acid in 
Apples 


Ascorbic acid present 
Apples 
ith: defrost 
Frozen 6 — % loss 
mag ./@. mg./@. % 
Ascorbic acid only...... | 0.588 0.377 35.8 
Ascorbic acid and citric acid . 0.377 0.105 72.1 


TABLE 2B 


Effects of C. P. Citric Acid on Retention of Ascorbic Acid in 
Frozen Apples 


Ascorbic acid present 
— 
Apples t Aft 
4 tre. Defrested % loss Defrosted % loss 
ment 1 hr. 16 hrs. 
mg./@. mg./@. mao./@. 
Ascorbic acid only...... | 0.485 0.332 31.5 0.066 6.4 
Ascorbic acid and 0.2% 
citric acid........... oe 0.464 0.372 20.0 0.014 96.9 


Peaches: Ascorbic acid when mixed with the sirup 
and used at the rate of 150 to 200 mg. of ascorbic acid 
per pound of packed fruit has outstanding value in 
preserving the color and flavor. It is the most desirable 
method of any of the treatments for peaches, because 
it retards the browning without affecting the flavor, 
natural color or texture. However, in spite of these 
advantages, the use of ascorbic acid has disadv antages, 
thereby requiring careful and wise use for economical 
and effective results. 


Berries: Some suggestions have been made for using 
ascorbic acid in frozen strawberries and raspberries to 
preserve color and flavor. Several years of testing and 
trying these products have indicated that ascorbic acid 
is valuable only in rare instances when the natural 


ascorbic acid has been oxidized by adverse storage 
conditions. 


Citrus fruits: Although citrus fruits are recognized 
as relatively high in natural ascorbic acid, the addition 
of a small amount (150 to 200 mg. per pound of packed 
fruit) of ascorbic acid has been found to be beneficial 
in some instances in preserving the fresh flavor and 
reducing the bitterness which sometimes develops, 
particularly in frozen grapefruit. 


Other products: There are some products that are not 
of great importance commercially but which can be 
treated effectively with ascorbic acid, enhancing their 
quality during handling as a fresh product or in defrost- 
ing. Potatoes are often peeled in central locations and 
then are held and transported some time later. The 
addition of ascorbic acid to the water (0.33 g. ascorbic 
acid per 1 gallon water) preserves the white color. 
Purées (avocado, peach, plum, sweet potato, apricot, 
asparagus): there are many purees of vegetables and 
fruits whose color is effectively preserved by the addi- 
tion of 0.02 percent ascorbic acid to the puree. The 
ascorbic acid may be stirred into the puree after it is 
made. It is very effective if the ascorbic acid is added 
to the fruits as they pass into the finisher. Some oxida- 
tion of the ascorbic acid and some loss to the pomace 
occurs when it is added in this way. 


Juices: Ascorbic acid is found to stabilize the color 
and flavor of bottled or canned apple juice. When it 
was first used, ascorbic acid was added to the apple 
juice in mixing vats or to the juice as it passed through 
metering devices into the bottles. Later, however, it 
was discovered that the ascorbic acid was more effective 
in retaining the color and flavor if it was added in a 
water or juice solution to the apples as they passed 
through the grinder or hammermill before any oxida- 
tion had taken place. 

Grape juice develops a red sludge and gradually turns 
a dirty brown color when kept in the warehouse or when 
held on the grocery shelf. Ascorbic acid was investi- 
gated as a possible agent for preventing this change. 
The present work does, not indicate that ascorbic acid 
is of any particular value in grape juice. 


Wines: White wines such as Rhine, Tokay, white 
Sauterne and Reisling, require the addition of an agent 
if the color is to be retained during transportation, and 
trade. Sulfur dioxide, although it is the best chemical 
thus far, alters the flavor somewhat. Work has been 
carried out and it has been found that ascorbic acid 
(200 to 250 mg. per fifth of wine) preserves the wine 
color. 
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Fish: Generally, fish are difficult to freeze and store 
for any length of time without change in flavor of the 
flesh and without the development of rancidity in the 
fat. The changes in flavor are usually detected sooner 
in the fatty fish than in the so-called lean fish because 
the rancid taste of the fat develops in greater intensity 
than oxidative flavor changes in the flesh. The storage 
temperature has a considerable effect on the rate at 
which the changes occur. Thus, fish stored at 10° F. 
(— 12° C.) develop the off-flavors much more quickly 
than do fish treated in the same manner but stored at 
0° F. (—17.8° C.). Protection of the cut surfaces 
against desiccation by some method is a necessity. 
Aside from causing a dry condition of the fish, desicca- 
tion of the fish tissue accelerates rancidity and denatura- 
tion of the proteins. The surfaces’ protection can be 
accomplished in two ways: (1) an ice coating or glaze 
and ¢2) packing or wrapping the fish in moisture-vapor- 
proof material. The glaze is used for large fish or pieces 
of fish difficult to package. Wrapping materials are used 
to package and protect fillets and steaks. 

Sodium chloride added by dipping the fish in sea 
water or in salt baths accelerates ‘the development of 
rancidity in fish fat. However, our preliminary studies 
indicate that where ascorbic acid was added to the fish 
in the medium of the salt bath the lean fish did not 
become rancid or develop the “salt, fishy” flavor. The 
greater the amount of cut surface, naturally the more 
subject the fish is to changes during storage. With the 
trend more toward filleting and steaking fish and then 
marketing them frozen, it is important that fish retain 
their fresh character during storage. Many fish are 
seasonal, and, therefore, the maintenance of quality 
from season to season is important. Ascorbic acid has 
been found by our work to be beneficial in retarding 
the oxidative changes in fatty fish such as mackerel and 
salmon as well as in lean fish such as rosefish and 


haddock. Untreated fish stored at 0° F. (— 17.8° C.) 
developed the “old salt, fishy” flavor in 6 to 8 months. 
By using an ascorbic acid dip at the rate of 0.1 to 0.5 
percent for 30 to 60 seconds, the storage life of the fish 
was prolonged several months. The dip is usually 
added to the fresh cut fillets or steaks immediately before 
the wrapping procedure. Large whole fish, such as 
salmon, may be dipped in an ascorbic acid solution prior 
to being frozen or the frozen fish may be dipped in the 
ascorbic acid solution to produce a glaze. If the ascorbic 
acid is added as a glaze, an over-coating of ice helps 
protect the ascorbic acid. Other protective coatings to 
carry the ascorbic acid have been used. 

When frozen and then defrosted, oysters often dis- 
color enough to detract from their quality and appear- 
ance. The discoloration with some oysters is a grayish 
green and with others it is a light red. The addition of 
0.2 percent ascorbic acid mixed well with the oysters 
has prevented this color change. 
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Frozen Apples and Apple Products*’ 


W. B. ESSELEN, JR., C. R. FELLERS, anp J. E. W. MCCONNELL 


Department of Food Technology, Amherst, Massachusetts 


A review of experimental work on methods of pre- 
venting darkening and oxidation in frozen sliced 
apples is presented. Methods for the preparation of 
an apple ice cream mix and frozen peeled apples with 
filled cores suitable for salad and dessert use are 
described. 


Frozen apples have been well received and hold an 
important place among commercial frozen fruits. Most 
of the frozen apple pack consists of sliced apples destined 
for use in one of our favorite desserts—apple pie. It is 
important that apples for this purpose be processed in 
such a way as to maintain the good qualities of fresh 
pie apples. Such apples can provide the desirable 
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attributes of flavor, color and texture that are associated 
with good apple pie. 

The purpose of the present report is to review the 
general methods that have been used in freezing sliced 
apples and to point out certain procedures that can be 
employed to improve the quality of the finished product. 
Certain other frozen apple products are also discussed. 


Freezing Sliced Apples 


The general procedures followed in freezing sliced , 
apples may be outlined as follows: the apples are | 


washed, then peeled and sliced on one of several types 
of equipment available for this purpose. The sliced fruit 
may then be passed through a squirrel-cage washer to 
remove small pieces of apple, after which it is treated by 
one of several methods to prevent browning. This latter 
step is one of the most important in the production of 


— 


| 
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good-quality frozen sliced apples. The apple slices are 
then packed in containers, with or without added sugar 
or syrup. The packages of apples may be frozen im- 
mediately, or if sulfur dioxide is used as the anti- 
darkening agent the packaged slices are usually held 
several hours before being frozen in order to permit 
complete penetration of the sulfur dioxide into the slices. 


Methods of Preventing Darkening 


In freezing sliced apples it is essential that they be 
given a treatment to prevent the normal darkening that 
occurs during processing and subsequent thawing. This 
darkening or brown discoloration is well known and is 
caused by enzymic oxidation. Several different pro- 
cedures for preventing discoloration have been proposed 
and used with apparent success in commercial practice. 
In the processing plant itself, if a delay occurs between 
the peeling and treating operations, the sliced apples 
should be held in a dilute salt (NaCl) brine (approxi- 
mately one percent) to prevent or retard browning. 


1. Blanching: Blanching has been used in many com- 
mercial operations. In this procedure the sliced apples 
are blanched in steam, hot water, or hot syrup long 
enough to inactivate the oxidative enzymes present in 
the apple tissue. Steam is generally considered to be 
the preferable blanching medium because less loss of 
soluble solids and flavor occurs. The blanching time 
required depends upon the thickness and texture of the 
apple slices. It is necessary that the slices be completely 
heated through to the center. Cruess and Seagrave- 
Smith (4) reported that a 3 to 5 minute steam blanch 
on a continuous screen was sufficient to inactivate 
oxidase enzymes. The blanched slices must be cooled 
rapidly and this presents another problem. In some cases 
spray-cooling with cold water followed by fluming in 
cold water has been used, but this method results in a 
further loss of flavor and soluble solids. According to 
the Western Regional Research Laboratory, Depart- 
ment of Agriculture (19), the total weight loss during 
blanching and water cooling may be as much as 20 
percent. Mazzola (13) pointed out that in commercial 
practice, after steam blanching, the apple slices could 
be put through a cooling vat in which the water was 
recirculated. The vat is filled in the morning with water 
which is used all through the day’s operation. As the 
process goes on, the water picks up apple solids and 
flavors. This was said to reduce loss of flavor and to 
aid in producing a superior product. 

Cruess (3) and Cruess and Seagrave-Smith (7) 
emphasized the fact that water cooling and fluming are 
objectionable from the standpoint of loss of nutrients 
and damage to flavor. They recommended that air 
cooling be used. Apple slices one layer deep, steamed 
on trays for four minutes, were cooled to 72° F. 
(22.2° C.) in less than four minutes in the air from a 
fan by evaporative cooling from the surface of the slices. 
This method was considered preferable to water cooling 
as the loss of soluble solids is cut to a minimum. They 
also indicated that apple sauce and pies were less flavor- 
ful when made from blanched apples than when made 
from raw fruit. More recently Joslyn and Hohl (9) 
indicated that blanching is entirely satisfactory if the 


time is carefully controlled and excessive losses of 
soluble flavoring and nutrient constituents during cool- 
ing are prevented. In blanching it is important that the 
slices be kept uniform in order to insure complete heat 
penetration without overheating. They reported that 
for apples cut into twelfths, the blanching time is usually 

% to 2 minutes in free flowing steam 200°-212° F. 
(93°-100° C.). 

2. Deaeration: Deaeration of sliced apples, either 
under vacuum or by exhausting the tissue oxygen 
through respiration while submerged in a dilute salt 
brine, has been employed to prevent or retard browning. 
In deaeration procedures the gases in the apple tissue are 
usually replaced by water, brine or syrup. Sliced apples 
treated in this manner generally have a waterlogged 
appearance. Mazzola (1/2) has indicated that canned 
apples so treated showed a greater degree of shrinkage 
when baked in pies. Deaeration methods have been used 
commercially for treating sliced apples which were to 
be canned. Several patents have been granted covering 
various applications of these procedures. 


3. Sulfur Dioxide: Sulfurous acid or sulfites have 
been widely used in the preparation of frozen apples. 
Methods for the use of these compounds to prevent 
darkening are well known and have been described by 
a number of authors. They are easy to use and require 
only simple equipment. A very complete description 
of the use of sulfurous acid and sodium bisulfite in the 
commercial preparation of frozen sliced apples was 
made available by the United States Department of 
Agriculture (19). It was emphasized that the simplicity 
of the process may lead to neglect of rigid control of the 
sulfur dioxide content of the dipping solution. It is of 
utmost importance that the sulfur dioxide content of the 
apples be kept at a minimum in order not to impair their 
flavor. Liquid sulfur dioxide, sodium bisulfite, sodium 
metabisulfite or potassium metabisulfite may be used as 
a source of sulfur dioxide in the dipping solution. Dip- 
ping times of one to five minutes in a solution containing 
2,000 to 2,500 p.p.m. sulfur dioxide have been found to 
be satisfactory under a number of conditions. With this 
procedure it is usually recommended that the apple slices 
be held six to eight hours before they are frozen in 
order to permit complete penetration of the sulfur 
dioxide. Joslyn and Hohl (9) favor the use of 3,000 to 
4,000 p.p.m. sulfur dioxide in the dipping solution with 
a dipping time of three or four minutes. They indicate 
that under these conditions a holding period prior to 
freezing is not required. 

In work with McIntosh apple slices during the past 
three years we have found that a five-minute dip in a 
solution containing from 1,000 to 1,500 p.p.m. of sulfur 
dioxide gave good protection from darkening. Frozen 
slices treated in this manner were found to contain 
approximately 100 p.p.m. of sulfur dioxide. After being 
baked in a pie the sulfur dioxide content was reduced to 
from 10 to 20 p.p.m. 


4. Ascorbic and Other Acids: During the past few 
years the addition of ascorbic acid to frozen fruits to 
prevent browning has become common practice. While 
this treatment has proved quite successful with some 
fruits, such as peaches, its use with sliced apples has 
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presented a problem because of the difficulty of getting 
the ascorbic acid to penetrate to the center of the slices. 
Suggested procedures for use of ascorbic acid with 
frozen apples have been described by Hoffman-LaRoche 
Inc. (8), Merck and Company, Inc. (1/4), Chas. Pfizer 
and Company (17), and others. Bauernfeind and 
Siemers (1) and Bauernfeind, Smith, and Siemers (2) 
have discussed methods of processing frozen sliced 
apples with ascorbic acid in some detail. Advantages 
attributed to the use of ascorbic acid to prevent brown- 
ing are that it does not introduce foreign flavors or odors, 
no heat is required, and the natural soluble solids and 
flavors of the apple are better retained. The above 
authors have stressed the fact that “The successful use 
of ascorbic acid in dry sugar or syrup packs of sliced 
apples depends on the use of specific processing 
methods.” Two methods were suggested to avoid core 
browning during thawing. One method depended upon 
the use of thin or flat slices to permit adequate penetra- 
tion; while the alternative method depended upon ex- 
hausting the internal gases of slices of ordinary thickness 
by a deaeration procedure. When the slices are filled 
into the containers, it is important that they be pressed 
down to form a compact mass which is covered with 
syrup or juice. In the successful use of these methods 
variations in maturity, texture, etc., of the apples must 
be considered and the procedures adapted accordingly. 

The addition of ascorbic acid to blanched apples has 
also been suggested and in practice has been found to 
exert a favorable effect on the quality. 

Sliced apples frozen with sugar or syrup contain an 
excess of syrup or juice when thawed out. This extra 
liquid is objectionable to some bakers who prefer a dry 
pack. On the other hand this syrup or juice may be 
concentrated and added to the pies when they are being 
baked. Such a procedure has been found to yield a very 
fine flavored pie. 


Maintaining Firmness in Frozen Sliced Apples 


As has been described by Kertesz (10), Esselen, Hart 
and Fellers (6), and Hills, Nevins, and Heller (7), a 
treatment with small amounts of calcium chloride offers 
an effective method for maintaining firmness in apples 
that tend to become excessively soft and mushy after 
being frozen and cooked. The slices may be held for a 
few minutes in a solution containing 0.05 to 0.10 percent 
calcium chloride before being blanched, or if the apples 
are being treated with sulfur dioxide the calcium 
chloride may be incorporated in the same dipping solu- 
tion. This compound may also be used in methods 
involving the use of ascorbic acid to prevent browning. 


Variety and Condition of Apples Prior to Freezing 


As with other fruits, the variety of apples selected for 
freezing can have an important bearing on the quality 
of the finished product. Tressler and Evers (18) have 
recommended the following: In the East the Greening 
was considered one of the best varieties for freezing and 
other recommended varieties included the Baldwin, 
Northern Spy, Winesap, Stark, Jonathan, and Rome 
Beauty. In Utah the Newtown Pippin, Rome Beauty 
and Winesap are frozen commercially. In the Pacific 


Northwest, Diehl, Wiegand, and Berry (5) recom- 
mended the Yellow Newtown, Winesap, Spitzenburg, 
Stayman Winesap, and Jonathan for freezing. Accord- 
ing to Joslyn and Hohl (9), the Yellow Newtown is the 
only commercial variety in California suitable for 
freezing for pie stock. The Gravenstein is not generally 
considered suitable and has been frozen chiefly as apple 
sauce. 

In selecting apples for freezing their ultimate quality 
when baked in a pie should be emphasized, as frozen 
apples are used almost entirely for this purpose. With 
apples which have a good flavor but whose flesh tends 
to have a soft texture, such as the McIntosh, which is 
grown extensively in the Northeast, a calcium treatment 
is useful in improving their texture and pte-making 
qualities. The maturity of the apples and the storage 
conditions to which they have been subjected can also 
have a marked effect on the quality of frozen apples. 
Fruit which is overripe or has been stored too long or 
under poor conditions will tend to be inferior in texture 
and flavor. The firmer varieties of apples tend to stand 
up better in storage than do the softer varieties. 


Discussion 


As evidenced by the annual production of frozen 
sliced apples during the past few years this product 
enjoys a prominent position among ‘the frozen fruits. 
On a basis of commercial experience and practice it 
would appear that there are several procedures which 
can be employed in producing a product of satisfactory 
quality. Of the different methods used to prevent 
darkening, such as blanching, deaeration, sulfurous acid 
dips, ascorbic acid, syrups and others, each has certain 
advantages and disadvantages. 

The selection of which anti-darkening method to use 
may depend upon the volume of production, plant facili- 
ties, and demands of the consumer. For example, the 
use of sulfurous acid is a simple method but is banned 
by some states. Apples so treated may have a residual 
sulfur dioxide flavor unless care and control are exer- 
cised during the operation. Blanching causes some loss 
of flavor and solids but does not impart off-flavors. The 
use of ascorbic acid, in one of the methods that have 
been proposed, can yield good results if specific pro- 
cedures are followed which are applicable to the par- 
ticular raw material and plant operation. The use of 
sugar Or syrup in conjunction with ascorbic acid or other 
treatments may present a problem in that the apples 
when thawed will have an excessive quantity of syrup 
and juice. Some users may object to this excess syrup 
as being a waste of sugar and apple flavor. On the other 
hand the syrup is a valuable adjunct to the frozen apples 
in providing protection against oxidation during freezing 
and thawing. It can also be used very effectively if it is 
drained from the thawed slices, concentrated, and added 
to the pie. Some bakers even handle the sugar in this 
manner when making pies from fresh apples. 

In tests carried on at this institution during the past 
three years it has been found that all of the previously 
discussed methods of preventing browning can be used 
successfully in the preparation of satisfactory frozen 
sliced apples, if the necessary precautions and control 
measures are taken. As has been reported by others, 
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we have observed that blanching, while effective, does 
not permit as great a retention of the fresh apple flavor 
as do other procedures. 

As a routine procedure, in the course of our investiga- 
tions, samples of frozen apples have been baked into pies 
for final evaluation. Frequently pies were made from 
fresh apples of the same variety for comparison. It has 
been a common obesrvation that pies made from 
properly prepared frozen apples were superior in fresh 
apple flavor and aroma to pies made from untreated 
fresh apples. It is apparent that the effectiveness of 
anti-darkening and antioxidant treatments given frozen 
apples carry through into the finished pie and tend to 
stabilize the apple flavor. Similar observations have 
been made in the case of fresh sliced pie apples which 
are prepared for the bakery trade by some processors. 
On a basis of these observations it appears that the use 
of suitable antioxidants in pies made from fresh apples 
are worthy of consideration from the standpoint of 
maintaining optimum flavor. Pictures of pies made from 
frozen apples, are shown in Figures 1, 2, and 3. 


Apple Ice Cream Mix; Attempts to make an apple ice 
cream are not new but in general this product has not 
been produced very extensively. Iwo of the principal 
problems involved in the production of apple ice cream 
are: (1) difficulty in imparting a marked and distinc- 
tive apple flavor to the product and (2) the public 
acceptance of an apple-flavored ice cream. Methods of 
producing an apple flavor concentrate or essence ( Mille- 
ville and Eskew, 16) or “volatile apple concentrate”’ 
( Milleville, 15) offer a means of enhancing the flavor 
of apple ice cream. At a “Conference on Apple 
Products” held January 22, 23, 1947 at the Eastern 
Regional Research Laboratory, Philadelphia, Pa., the 
use of apple essence in ice cream and sherbet was sug- 
gested and discussed by representatives of that labora- 
tory and the New York Agricultural Experiment 
Station, Geneva. 

Some success has been achieved in this laboratory in 


the preparation of a frozen apple for ice cream. An 
effort was made to prepare a product which would im- 
part not only a distinctive apple flavor to the ice cream 
but also small distinct pieces of apple. The apples were 
cubed and given a treatment with calcium chloride in 
an effort to keep the pieces from breaking up to much 
during freezing. The procedure used was as follows: 
McIntosh apples were washed, peeled, cored and cut 
into half-inch cubes. The cubed apples were dipped for 


Fic. 2. Pie made from frozen McIntosh apples treated with 
sulfur dioxide. 


Fic. 3. Pie made from frozen McIntosh apples treated with 
sulfur dioxide and calcium chloride. 


15 minutes in a solution containing 5 percent salt 
(NaCl), 0.4 percent ortho-phosphoric acid, 0.4 percent 
ascorbic acid and 0.1 percent calcium chloride; then 
thoroughly mixed with sugar in the proportion of five 
parts apple to one part of sugar and allowed to stand 
one hour. Lhe apples and juice were then packed 


solidly into No. 10 (603x700) enameled cans (ap- 
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proximately 634 Ibs. net wt.). As the cans were being 
filled, 90 ml. (approximately 3 fl. oz.) of 135-fold apple 
essence © were mixed into the contents of each can. 
The cans were then sealed and frozen at — 10° F. 
(— 23.3° C). 

The cans of frozen apples were thawed at room tem- 
perature prior to use in ice cream. One No. 10 can of 
the apples was mixed with 45 pounds of a standard ice 
cream mix having a 12 percent butter-fat content. Two 
ounces of vanilla were added as it was found that it 
improved the flavor. The mix was frozen in a commer- 
cial type freezer. The resultant ice cream had a 
pleasant but mild apple flavor—too mild in the opinion 
of some persons. The flavor could be accentuated by the 
further addition of the apple essence. As compared 
with control samples the calcium-treated apple cubes 
were not completely disintegrated in the freezing 
process, and small bits of apples were evident in the 
finished product. The pieces of apple themselves had 
a very good apple flavor. The addition of a small 
amount of cinnamon (approximately 4 teaspoons per 
45 pounds of mix) has also been found to be effective 
in imparting a pleasant flayor to apple or apple sauce 
ice cream. 

Peeled Whole Apples: Frozen peeled whole apples 
may have some merit as a specialty product, and have 
been found to make a tasty and colorful salad or dessert 
fruit. 

McIntosh apples were washed, peeled and cored 
according to the method of Lee (71) in which the blos- 
som end is left on the apples. The apples were then 
cooked slowly in a 40 or 50 percent sugar syrup con- 
taining 0.1 percent calcium chloride until they were 
cooked through (approximately five to eight minutes). 
The apples were then cooled on a screen by a cold air 
blast. When cool the apples were placed in paper cups 
such as are sometimes used for canned or frozen baked 
apples. The apples may be packaged and frozen immedi- 
ately or the core cavities may be filled with an appropri- 
ate filling prior to freezing. 

After they are thawed out, the apples may be filled 
as desired by the consumer. In practice we have found 
that whole cranberry sauce or fresh cranberry-orange 
relish makes a colorful filling and the flavor combina- 
tion with the apple is quite acceptable. Plain frozen 
apples and apples which were filled with cranberry 
sauce and cranberry-orange relish prior to freezing are 
shown in Figures 4 and 5, respectively. 


Summary 


Methods of freezing sliced apples are reviewed and 
discussed. Procedures for preventing discoloration and 
for maintaining firmness and texture of the slices are 
pointed out. Experimental tests have shown that 
methods of preventing darkening and oxidation also 
exert a favorable effect in retaining the original fresh 


* Supplied through the courtesy of the U. S. Department of 
Agriculture, Eastern Regional Research Laboratory, Philadel- 
phia, Pa. 

“Acknowledgment is due Mr. Frank T. Canavan of the 
Department of Dairy Industry for his cooperation and advice in 
freezing and evaluating the lots of ice cream which were 
prepared. 


Fic. 4. Frozen peeled and cored McIntosh apples blanched 
in 40 percent syrup. 


Fic. 5. Frozen peeled and cored McIntosh apples blanched in 
40 percent syrup. (No. 5, filled with whole cranberry sauce; No, 
6, filled with cranberry-orange relish.) 


flavor of the apple with the result that apple pies made 
from frozen sliced apples may be superior to pies made 
from freshly sliced apples in fresh apple flavor and 
aroma. Methods for the preparation of an apple ice- 
cream mix and frozen peeled apples with filled cores 
suitable for salad or dessert use are described. 
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Further Considerations Relating to Evaluation 
of Thermal Processes for Foods 
C. R. STUMBO 


Central Research Department, Food Machinery Corporation, San Jose, California 


This paper supplements the analysis which was car- 
ried out by the author in “Bacteriological Considera- 
tions Relating to Process Evaluation,” published on 
pages 115-132 of the April, 1948 issue of this Jour- 
nal. The analysis is extended to include a graphical 
integration for determining the number of bacteria 
(or spores) of known heat resistance, which willl sur- 
vive in a given container of food during any desig- 

. nated thermal process. The author discusses the desir- 
ability and significance of basing thermal process 
calculations upon the requirement of giving the same 
probability of survival of spoilage organisms in the 
location in the container where probability of survival 
is greatest. He proposes this method of calculation, 
except for arriving at reference processes, because it 
is less laborious than that of integrating the proba- 
bilities of survival in all locations within the container. 


A method has been presented (3) for ascertaining the 
location in the food container where the probability of 
bacteria surviving a given thermal process should be 
greatest. The accompanying analysis considering both 
the order of death of bacteria and the mechanism of heat 
transfer within the food container demonstrated that 
lethality of heat treatment at the point of greatest tem- 
perature lag in the container of food is often not a true 
criterion of the sterilizing capacity of a thermal process. 

The purpose of this paper is to present further de- 
velopments in this connection, including a method for 
integrating probabilities of bacterial survival at all loca- 
tions in the container and thereby permitting of an 
accurate estimation of the absolute * probability of bac- 
terial survival in a container of food subjected to a given 
thermal process and containing any given number of 
bacteria of known resistance to heat. For the sake of 
brevity, considerations brought out in the above men- 


* The word absolute as used in this paper in connection with 
probability denotes the probability of survival per container, or 
the sum of probabilities of survival in all the different designated 
locations within the container. 


tioned publication will be repeated here only if it is felt 
that they are necessary to the continuity of thought. 
In other words, this paper should be considered as a 
continuation of the previous treatment (3). 


General Considerations 


For the purpose of theoretical analysis the food in a 
container has been divided into a number of hypothetical 
layers which increase in volume from geometric center 
to periphery. In order to picture the decrease in severity 
of heat treatment from outside to center of the mass of 
food, a series of cylindrical containers are visualized 
which range in size from one the size of the food con- 
tainer to one the size of a short piece of pencil lead. By 
considering the containers as decreasing in size progres- 
sively in accordance with a uniform decrease in length 
and diameter, they may be pictured as being placed one 
inside the other from largest to smallest such that the 
geometric center of each imaginary cylindrical container 
is common with the geometric center of the real con- 
tainer. Between the walls of any two _ successive 
containers there would be a layer of food the thickness 
of which may, for the purpose at hand, be considered as 
equal to the distance, along a common radius, between 
the walls of the two containers. Obviously, the volume 
of food in such a layer would be equal to the volume of 
the larger container less the volume of the smaller con- 
tainer. Any number of such layers may be visualized as 
existing within a given container of food. 

It has been pointed out (3) that, for any given thermal 
process, the decrease in severity of heat treatment from 
the outside to geometric center of the real container is 
related to the decrease in surface area of these imaginary 
cylindrical containers. Also that the number of bacteria 
at the surface of one imaginary cylinder would bear the 
same relation to the number of bacteria at the surface of 
another as the surface area of the one cylinder bears to 
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the surface area of the other. In the strictest sense this 
concept visualizes food layers which are infinitesimal 
in thickness, and if the concept were adhered to in solu- 
tion of a process evaluation problem a complicated 
mathematical treatment would be involved. However, 
by assuming the layers of food to have some finite thick- 
ness a complicated problem is greatly simplified. In 
thus extending the concept, it may be said that the 
decrease in heat treatment and the decrease in number 
of bacteria per layer of food from outside to center of 
the food container are related to the decrease in volume 
of food per layer from outside to center of the container. 
In the method proposed for ascertaining the location in 
the container where probability of bacterial survival 
is greatest, the value 0.3 cm. was used to represent layer 
thickness. This value was chosen purely as a matter of 
convenience since it was realized that for ascertaining 
the location of greatest probability of survival the layer 
thickness makes very little difference so long as the 
layer is not so thick that the severity of the heat treat- 
ment at one side of the layer is greatly different from 
that of the heat treatment at the other side. Naturally the 
smaller the value chosen for layer thickness the more 
accurately will the location of greatest survival proba- 
bility be determined. 


For determination of the absolute probability of sur- 
vival in the food container, the same may be said with 
reference to the magnitude of values chosen to represent 
layer thickness. The number of layers per container 
may be obtained by dividing the radius by the assumed 
layer thickness ; or, the number of layers may be fixed at 
some value (say 25) for all container sizes and the layer 
thickness computed for each container size. Since the 
determination of absolute probability of survival in the 
container entails the integration of the probabilities of 
survival in all of the layers within a container, it 1s 
believed that from the standpoint of comparing lethality 
of processes for different products in containers of 
different sizes it would be more convenient to assume 
that a fixed number of layers should exist per container, 
regardless of container size or shape, and that the layer 
thickness should vary in accordance with variations in 
container radii. 


Based on principles stated elsewhere (3) it is possible 
to determine the probability of survival in any of the 
designated layers in the food container if the tempera- 
ture distribution pattern during thermal processing 1s 
known, and if the number of bacteria to be destroyed 
and the thermal resistance of these bacteria are known. 
Temperature distribution patterns for any given food 
during process in a container of any given size may be 
determined experimentally. The calculation methods of 
Olson and Jackson (2) may also be employed if the 
product heats by conduction. Thermal resistance values 
may be determined for the bacteria known or assumed 
to be present. Some value to represent the number of 
such bacteria which are likely to be present per unit 
volume of product must be assumed. For the establish- 
ment of processes with equivalent sterilizing capacity it 
is suggested that ten spores of the putrefactive anaerobe 
3679 are assumed to be present per cc. of product. 
Zeta (Z) values for spores of this organism will, for 


low-acid food products, fall in the range, Z = 1 to Z == 2 
for a process temperature of 250° F. (121.1° C.). For 
the purpose at hand the value of Z will be taken as 1.5. 
For the purpose of determining and integrating 
probabilities of survival it will be assumed that any 
container of food, regardless of container size and shape, 
is divided into 25 imaginary layers of food in accordance 
with principles already discussed. The thickness of any 
layer in the food container would then be equal to the 
container radius divided by 25. It should be noted here 
that container dimensions should be taken as the inside 
dimensions of the closed container for the purpose of 
ascertaining absolute probability of bacterial survival. 
The inside dimensions, along with can volume and 
food layer thickness (assuming 25 layers per can) for 
a few common can sizes have been listed in Table 1. 


TABLE 1 


Relationship of can size, can volume, and thickness of hypothetical 
food layers for some common can sizes. 


Can Size 
Approximate Food Layer Approximate 
ai Inside Dimensions Thickness (cms.) can volume 
(cms. ) 25 Layer/can (ce. ) 
Diameter Height 
211x 304 6.509 7.303 0.130 243 
301 x 411 7.461 10.954 0.149 479 
307 x 409 8.414 10.636 0.168 591 
603 x 700 15.398 16.828 0.308 3id 


Since temperature distribution data are available for 
five percent and one percent suspensions of bentonite 
in No. 10 (603 x 700) cans (1), this can size has been 
chosen for development of further considerations. 
Assume we have two foods in which the resistance of 
P. A. 3679 sporés is identical. Further assume that one 
of the foods heats as did the five percent bentonite, the 
other heats as did the one percent bentonite, and that 
each food is inoculated with P. A. 3679 spores, at the 
rate of 10 spores per cc. A can of either product would 
then contain approximately 31,340 spores. What 
process, in terms of time at a retort temperature of 
250° F. should be used for each type of product in order 
to accomplish the same reduction in total number of 
spores per can or per any given number of cans? 

In solution of the problem it is most convenient to 
proceed, up to a point, in the same way as described 
elsewhere (3). Values for establishing the F require- 
ment curve are given in Table 2. 


TABLE 2 
F values required to reduce the number of P. A. 3679 spores 
(Z = 1.5 at 250° F.) im the designated locations to 
0.001 spore per location 


F value required to 


Initial number of spores/location reduce number 
to .001 


128 = surface area of imaginary cylinder 2.54 cm. in 


diameter x .308 (layer thickness) x 10 (no. 


spores/cc.) 
444 = surface area of imaginary cylinder 5.08 cm. in 

diameter x .308 x 10 aes 8.47 
945 — surface area of imaginary cylinder 7.62 cm. m 

diameter x .308 x 10 .. 8.96 
1634 = surface area of imaginary cylinder 19.16 cm. im 

diameter x .308 x 10 
2520 = surface area of imaginary cylinder 12.70 cm. in 

diameter x .308 x 10 a 
3340 = surface area of imaginary cylinder 14.73 cm. in 

diameter x .308 x 10 9.78 
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It may be noted that the number of spores per layer 
was determined by multiplying the surface area of each 
imaginary cylinder by the food layer thickness and the 
number of spores per cc. This method of arriving at the 
number is simple and it gives essentially the same value 
for each layer as would be obtained if the volume of the 
layer to be multiplied by number of spores per cc. were 
arrived at by determining the difference in volumes of 
two properly chosen imaginary cylinders differing in 
diameter by 0.616 (2 x layer thickness) and differing in 
height by the same amount. Also, the method permits 
of using the F value of the heat treatment at the surface 
of the imaginary cylinder as that characterizing the 
heat treatment for the entire layer. Since approximately 
one-half the food in the layer would be on either side 
of the wall (infinitesimal thickness) of the imaginary 
cylinder and since the layer thickness is small the F 
value for the heat treatment at the wall would closely 
approximate the average F value given all the food in 
the layer. The convenience of the method will become 
evident as we proceed with the problem. It may also 
be noted that the value, one, is considered as repre- 
senting the number of spores lying at the geometric 
center. Theoretically the number should be zero, and 
the smaller the number assumed to be present at this 
point, the more accurate will be the evaluation ; however 
the number may be varied from a small fraction of a 
spore to several spores without causing appreciable 
variation in process values arrived at. It is convenient 
to assume that one spore is always located at the 
geometric center. Another point which should be men- 
tioned with reference to the values appearing in Table 2 
is that they are for layers which do not necessarily 
coincide with any of the 25 hypothetical layers into 
which the container is visualized as being divided for 
the purpose of integrating total probability of survival. 
It is not necessary that they coincide so long as the 
diameter of any imaginary cylinder employed for estab- 
lishing an F requirement value is as much less than the 
diametef® of the real container as the height of the 
imaginary container is less than the height of the real 
container. 

Figure 1 shows the relative capacities of heat treat- 
ments, at different locations in the container, to reduce 
the number of spores at these locations. Curve 1 is an 
F requirement curve based on values in Table 2. Curve 
2 is the F distribution curve representing the F values 
obtained at different locations in the five percent 
bentonite suspension when the process is sufficient to 
give an F value of 4.5 for the heat treatment at the 
geometric center. Curve 3 is an F distribution curve 
representing the F values obtained at different locations 
in the five percent bentonite suspension when the process 
is such that 0.001 spore will survive at the location 
where probability of survival is greatest. Curves 4 and 
5 are corresponding F distribution curves for the one 
percent bentonite suspension. Curves 3 and 5 represent 
the F distribution in the five and one percent bentonite 
suspensions given processes equivalent with respect to 
their capacity for reducing to the same level the number 
of spores at locations in the two products where proba- 
bility of survival is greatest. Note should be made of 
the procedure for locating adjusted curves such as 


Curves 3 and 5 in Figure 1. For example, in arriving 
at Curve 3 from Curve 2, a hypothetical line was taken 
parallel to the F requirement curve and tangent to Curve 
2. The point of tangency represented the location in the 
container where probability of survival was greatest. It 
was then possible to locate a point on the F requirement 
curve representing the intersection of the F require- 
ment curve and a line perpendicular to the x-axis which 
would pass through this point of tangency. The point 
on the F requirement curve so located also represented 
a point on an F distribution curve describing a process 
of such capacity that it would reduce the number of 
spores to 0.001 at the location in the container where 
probability of survival would be greatest. Knowing the 
temperature distribution pattern during process it was 
possible to calculate the length of process which would 
result in the indicated F value at this location in the 
container. Then knowing the length of process it was 
possible to calculate the F value which would charac- 
terize the heat treatment at any other location in the 
container. Plotting F values so calculated for different 
locations in the container the adjusted F distribution 
curve (No. 3) was obtained. Any F distribution curve 
may be readily relocated in this manner. 

Upon inspection of the F distribution curves in Figure 
1 it becomes obvious that the processes equivalent with 
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Fic. 1. Graphical depiction of relative capacities of heat treat- 


* ments, at different locations in the No. 10 can, to reduce the 


number of P. A. 3679 spores at these locations. 


ee No. 1—F requirement curve for spores of P. A. 3679 (Z = 1.5 
at 250° F.). 

Curve No. 2——F distribution curve for conduction-heating product (5% 
bentonite in water) when F value of heat treatment at center is equal 
to 4.5. 

Curve No. 3—F distribution curve for the same conduction-heating 
product when probability of survival is one in one thousand in the location 
where survival probability is greatest. 

Curve No. 4—F distribution curve for convection-heating product (1% 
senteumte in water) when F value of heat treatment at center is equal to 
4.5. 

Curve No. 5—-F distribution curve for the same convection-heating 
product when probability of survival is one in one thousand in the location 
where survival probability is greatest. 

Curve No. 6-—-F distribution curve for convection-heating product 
characterizing a thermal process which allows an absolute survival proba 
bility equal to that allowed by the process, for conduction-heating product, 
characterized by Curve No. 3. 


respect to reducing the number of spores at the locations 
of greatest survival probability are also very nearly 
equivalent with respect to reducing the number of 
spores per can. However, a true comparison can be made 
only by determining the number of spores per can whigh 
should survive each process. This can be accomplished 
only by some method whereby the number of spores 
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surviving in all of the designated locations in the can are 
summed up. The procedure which is used in the follow- 
ing analysis to show the relative capacities of processes 
described by the F distribution curves in Figure 1 1s 
simple and believed to give sufficiently accurate values 
for most applications. 


Graphical Integration of Survival Probabilities 

The number of spores lying at the surface (in a layer 
0.308 cm. thick for No. 10 can) of an imaginary con- 
tainer of any designated radius may be determined from 
the spore distribution curve (Figure 2). The approxi- 
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DISTANCE FROM CAN CENTER OGNCHES) 
Fic. 2. Spore distribution from geometric center to wall of 
No. 10 (603 x 700) can, when the product contains ten spores 
per cc.—see text. 


mate average F value to which the spores in any such 
layer are subjected may be determined from the F 
distribution curve characterizing the thermal process to 
be evaluated. The number of spores surviving in any 
layer after process, designated by the symbol b, may 
then be calculated using the equation: 


Zioga—F Fi 
where : 
‘ 250 — RT 
F, = log* 


= slope, of rate destruction curve for spores heated at 
retort temperature (RT), expressed as the number of 
minutes required for the curve to traverse one log cyle. 

a == number of viable spores in layer before process. 

z = 18° F. (assumed value). 


For the purpose of integration, 25 layers of food are 
considered to exist in any container. The number of 
spores surviving in each such layer may be calculated, 


and the total surviving per container of food may be 
determined by adding the 25 values thus obtained. How- 
ever, a graphical summation its accomplished with 
greater ease and is sufficiently accurate for practical use. 

The 25 layers are numbered 1 to 25 from the 
geometric center to the periphery. Plotting on plain 
coordinate paper, the layer number in the direction of 
abseissae against corresponding number of spores sur- 
viving, in the direction of ordinates, a curve is obtained 
the area beneath which is. proportional to the total 
number of spores surviving per container. This curve 
may be termed the survival distribution curve. The 
number of spores surviving per container is obtained 
by dividing the area beneath the survival distribution 
curve by the area representing one spore in one layer, 
also determined from the same graph. A planimeter ts 
used for measuring the different areas. 

In establishing a survival distribution curve, it is not 
necessary to determine the number of spores surviving 
in each layer. The nature and position of the curve is 
usually well defined by no more than seven or eight 
points. Also as mentioned earlier spore survival values 
may be for layers which do not necessarily correspond 
to any of the 25 layers assumed for establishing the 
coordinates. The reason for this becomes obvious upon 
inspection of Figures 3 and 4. It should be noted that 
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LAYER NUMBER 

Fic. 3. Survival distribution curves for conduction-heating 
and convection-heating products in No. 10 (603 x 700) cans. 
Areas beneath curves are proportional to the number of spores 
surviving per can. 

Curve No. 1—-For conduction-heating product given thermal process 
of such capacity that the F value of heat treatment at geometric center of 
the nage is equal to 4.5. 

urve No. 2—-For convection-heating product given thermal process of 
such capacity that the F value of heat treatment at geometric center of the 
product is equal to 4.5. 


all survival distribution curves if correctly plotted would 
be asymtotic to the base line representing zero survival 
probability ; however, in most cases it is more con- 
venient, and the accuracy sufhcient, if they are plotted as 
shown in Figures 3 and 4. The areas omitted by allow- 
ing the curves in Figures 3 and 4 to intersect the zero 
probability lines are insignificant compared with the 
total areas beneath the curves representing total proba- 
bilities of survival. 

Figure 3 shows survival distribution curves for two 
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cans of food (one heating as did the five percent and 
the other as did the one percent bentonite suspension ) 
given thermal processes such that the same F value (4.5) 
is obtained at the geometric center of each can of food. 
Curve | is for spores in the conduction-heating food and 
Curve 2 for spores in the convection-heating food. 
Values for establishing these curves were arrived at 
from values taken from the spore distribution curve 
(Figure 2) and the F distribution Curves 2 and 4 in 
Figure 1. From Figure 3 it is found that the area 
representing survival of one spore in one layer is equal 
to 0.625 square inches. The area beneath the survival 
distribution curve for the conduction-heating food is 
equal to 0.20 square inches, and therefore represents 
survival of 0.32 spores (32 spores per 100 such con- 
tainers). he area beneath the survival distribution 
curve for the convection-heating food is equal to 9.86 
square inches, and therefore represents survival of 15.8 
spores (1580 spores per 100 containers). In other 
words, thermal processes for the two products, resulting 
in heat treatments at the center having the same F value, 
would allow nearly 50 times as many spores of the 
assumed resistance to survive per unit volume in the 
convection- as in the conduction-heating food. 
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LAYER NUMBER 
Fic. 4. Survival distribution curves for conduction-heating 
and convection-heating products in No. 10 (603 x 700) cans. 
Areas beneath curves are proportional to the number of spores 
surviving per can. 


Curve No. 1-—-For conduction-heating product given thermal process 
of such capacity that probability of survival is one in one thousand in 
location where survival probability is greatest. 

Curve No. 2—-For convection-heating product given thermal process of 
such capacity that probability of survival is one in one thousand in location 
where survival p bility is greatest. 

Curve No. 3—-Survival distribution curve for convection-heating product 
given a thermal process which allows an absolute survival probability equal 
to that allowed by the process given the conduction-heating food and 
characterized by the survival distribution Curve No. 1. 


Figure 4 shows survival distribution curves for the 
same two products given thermal processes equivalent 
with respect to their capacity to reduce the number of 
spores at the location (in layer) where probability of 
spore survival is greatest, Curve 1 being for spores in 
the conduction-heating food and Curve 2 for spores in 
the convection-heating food. . Values for establishing 
these curves were arrived at from values taken from 


the spore distribution curve ( Figure 2) and the F distri- 
bution Curves 3 and 5 in Figure 1. From Figure 4 it is 
found that the area representing 0.001 spore in one layer 
is equal to 1.125 square inches. The area beneath Curve 
1 is equal to 5.66 square inches, and therefore represents 
survival of .00453 spores. The area beneath Curve 2 is 
equal to 9.91 inches, and therefore represents survival of 
.00793 spores. Thermal processes for the two products 
equivalent with respect to their capacity to reduce the 
number of spores in the location where probability of 
spore survival is greatest would allow only 1.75 times 
as many spores of the assumed resistance to survive in 
the convection- as in the conduction-heating food. 

Curve 3 ( Figure 4) is Curve 2 moved downward until 
the area beneath it is equal to the area beneath Curve 1. 
In other words Curves 1 and 3 represent processes for 
the conduction- and convection-heating foods which are 
equivalent with respect to their capacity to reduce the 
number of spores per container ( No. 10 can) of product. 
The location of greatest probability of survival does not 
change. Curve 3 indicates that, for the process equiva- 
lent to that represented by Curve 1, 0.0008 spores should 
survive at this location. The heat treatment given this 
location therefore would have to have an F value equal 
to 9.74. This indicates a thermal process of 16.80 
minutes at a retort temperture of 250° F. This process 
would result in a center F value of 9.60 for the con- 
vection-heating food. 

The comparison of processes, for the conduction- and 
convection-heating foods in No. 10 (603x700) cans, 
adjusted on this basis may be made as follows: 


Equivalent with respect to 
to reducing number of Equivalent with respect 
spores at location of to reducing number 
greatest survival of spores per can 
probability 
Product 
| Remain- Remain 
Process | Center | ing Process Center ing 
(minutes F | Spores/ | (minutes F Spores/ 
F ,| Value | 1000 60° F Value 1000 
Conduction | 226 6.57 | 4.5 226 6.57 | 4.5 
Convection | 16.55 945 | 7.9 16.80 


Discussion and Summary 

The graphical integration method demonstrated above 
makes possible a determination of the number of bacteria 
(or spores), of known heat resistance, which will sur- 
vive in a given container of food during any designated 
thermal process. Demonstration of the method has 
further emphasized the fallacy in considering the point 
of slowest heating in a container of food as the point 
where probability of bacterial survival is always greatest. 
It is obvious from the foregoing analysis that there is no 
one location, within the food container, the sterility of 
which denotes sterility at all other locations. 

By the methods described, an area within the con- 
tainer may be shown to be that area where probability 
of survival is greatest, but this does not mean that 
survival probability is zero in any or all other designated 
locations in the container. The probability of survival 
in the entire container can be determined only by inte- 
grating the probabilities of survival in all the designated 
locations (imaginary layers of food in the container 
according to method described). In this manner thermal 
processes may be specified which are equivalent. with 
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respect to their leaving the same number of spores sur- 
viving per unit volume of product or per container of 
product. From the practical standpoint it would be 
more convenient to adjust processes such that they were 
essentially equivalent with respect to allowing the same 
number of spores to survive per container or per some 
given number of containers. Disregarding container 
size, probable survival would then be expressed as some 
given number of spores per so many containers (say 
1000). Spoilage data are now commonly expressed in 
this way, that is, a number of cans spoiled per 1000 cans 
of product. 


Comparing the probable survival in convection- 
heating and conduction-heating foods, which are given 
processes equivalent with respect to reducing the num- 
ber of spores in the locations in the two types of product 
where probability of survival is greatest, it is found that 
the process for the convection-heating food allowed 7.9 
spores to remain per 1000 No. 10 cans while the process 
for the conduction-heating food allowed 4.5 spores to 
remain per 1000 No. 10 cans. Such survival values are 
probably close enough from the practical standpoint. 
Furthermore, it is doubtful if the accuracy of experi- 
mental data used in arriving at the values is such as to 
justify assuming that they are significantly different. 
The heat penetration data on which the evaluation was 
based characterize the extremes, virtually, of convection 
and conduction heating for foods in No. 10 cans. It is 
logical to believe, therefore, that survival values esti- 
mated for processes adjusted on this same basis for other 
foods in No. 10 or smaller containers should show 
differences no greater than that for the values deter- 
mined for the extremes of convection and conduction 
heating. This leads one to the obvious conclusion that, 
if thermal processes for all foods were adjusted so as to 
give the same probability of survival in the location in 
the container where probability of survival is greatest, 


the processes would from the practical standpoint be 
virtually equivalent with respect to allowing the same 
number of spores to remain viable per container or per 
any given number of containers. If processes were 
adjusted in this manner, the more laborious task of 
integrating probabilities of survival in all locations 
within the container would be unnecessary except for 
the purpose of arriving at reference processes. 

It will have been noted that in the analyses thus far, 
the effect of product circulation during convection heat- 
ing on spore survival within the container has not been 
discussed. The analyses have been based on the assump- 
tion that from the standpoint of process evaluation, 
convection-heating products may be treated as if no 
circulation of product occurs within the container. The 
question naturally arises: Would circulation of product 
through zones of different temperature, which does 
occur in convection heating, require consideration in 
the evaluation method? Unfortunately the nature of 
convection currents in food during heating are not well 
enough understood to make an exact analysis of the 
factor possible. Analysis based on the very limited 
information available indicates that even maximum 
circulation which could be visualized as occurring would 
not, if accounted for in the evaluation method, alter the 
calculated results appreciably. This and possibly other 
factors may when better understood indicate slight 
corrections or alterations in the method herein proposed. 
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Mass Taste Panels* 


JOHN H. NAIR 
Continental Foods, Inc., Hoboken, N. J. 


Dr. Elder has presented very ably the usefulness of 
small, well-screened panels of persons in evaluating dif- 
ferences of flavor, color, appearance, texture and other 
qualities which may be of importance in the development 
of a processed food. Measurements such as he has 
described are made under reproducible conditions, 
where the researcher can control the temperature of 
product, room lighting, air condition, quietness of sur- 
roundings and similar factors which help to make the 
appraisal of the judge more objective. The judgments 
of such panels can be exceedingly useful to the food 
technologist in determining the effect of small changes 
in the composition and quantity of materials as well as 
in the type of processing applied to the food combination 
under development. 


—— 


"Presented before New York Section, Institute of Food 
Technologists, May 19, 1948. 


My assignment in this discussion is concerned with the 
finished product after the technologist, chemist, engineer 
and home economist have carried their experiments 
to a stage which is reasonably satisfactory to those re- 
sponsible for the development of the new food specialty. 
What the management now needs to find out is: Do Mr. 
and Mrs. Consumer find the proposed product accepta- 
ble as compared to similar items available on the 
market? Only when a favorable verdict is given by the 
public will most business managers feel confidence in 
proceeding to the next development step of offering the 
item to the trade in test markets. For food products 
this means that we must resort to techniques which 
employ mass taste panels and for this purpose the food 
technologist much seek the assistance of those skilled in 
market research. By teaming up the worker trained in 
laboratory development with the one experienced in 
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finding how a market reacts the net result should be a 
reliable index of the consumer’s preference for the 
particular type of product which is the goal of the 
company’s research program. Much of what I shall 
have to say is the reflection of the experience of our 
own Market Research Department. 

Frequently attempts are made to obtain such ver- 
dicts at a low cost through the use of a mass taste panel 
selected from among company employees. Such a group 
can never be considered as truly representative of the 
ultimate consumers. The number of judges will usually 
be too small, while the distribution of age, sex, income, 
and general intelligence probably will reflect the con- 
sumer at large only by accident. If one is working on 
improvement of an item already in the production line 
a panel chosen from company employees will probably 
be biased in favor of the present type of product, if for 
no better reason than that it is the one with which the 
individuals are most familiar. Reliance on a verdict 
obtained from such a panel may well prove ill-founded. 
However, assuming that a market sales test in one or 
two limited areas would be the next step in bringing the 
new food item into the sales portfolio of the company 
no great disaster is apt to follow from accepting the 
verdict of a company taste panel. But considerable 
money and effort would have been spent rather use- 
lessly, while the loss of time thus occasioned is irre- 
coverable. If one resorts to so specialized a mass taste 
panel as the first step in measuring consumer preferences 
it should be done with a full appreciation of the limited 
value of an employee taste test group. Of course, we 
are ruling out completely any thought that a decision as 
to what the general public may prefer can be made by a 
single or a few company executives, as has too fre- 
quently been done in the past. We are trying to outline 
a reasonably sound experimental approach to the 
problem. 

Mass investigations have been developed in_ the 
United States for all sorts of sampling of public tastes 
and ideas. Gallup polls have become household words 
throughout the nation. Let us consider for a bit what 
a food management should and should not expect to 
learn from a mass taste panel. In the first place, the 
public will not tell you whether the proposed item will 
sell. What they will tell you is the relative preference 
between your new product and some other similar 
item which people may be able to buy or may have used. 
The latter, for your purposes, becomes the reference 
standard. Your presentation of the new and the refer- 
ence items must be such as not to influence the preference 
choice in any way or your purpose will be defeated. In 
presenting samples to a mass taste panel for selection on 
a quality or preference basis the number of samples 
should be limited to two. One cannot expect an un- 
trained panel to return a valid verdict when preferences 
between more than two food products are involved. 

The next point to bear in mind is that you must not 
seek answers which require the mass of judges to exer- 
cise their imagination. They can only answer such 
questions as they are qualified to answer out of their 
own experience. One should not expect them to 
visualize what your product will look like when it 
reaches the grocers’ shelves. The consumer cannot pre- 


dict in advance what his response may be to the adver- 
tising which you plan to use for promoting your new 
specialty. He is not apt to give a valid answer as to 
purchasing at some projected selling price. Certainly he 
is in no position to know with certainty that he would 
buy your item in preference to some other brand. He 
can, and usually will, tell you whether he prefers your 
cake mix to some other cake mix which you submit to 
him in an identical package. He is able to say which he 
likes the better, assuming that there is a distinguishable 
difference between the two samples. But do not expect 
to obtain more information from your mass taste panel 
than it is in a position to furnish on a judicious basis. 

A further consideration which should be kept in mind 
is that one must rigorously exclude certain factors which 
might exercise a psychological effect on the individual's 
choice. Among these is the prestige of a brand name or 
of a company identification which must be eliminated 
by the use of coded packages of identical appearance. 
There should be no reference in any way to the fact that 
one of the products is new, since this will affect choice, 
either consciously from the desire to please or un- 
consciously because a yearning for that which is novel 
is a common human trait. There should be no inquiry 
which carries implications of economic status or social 
class. For example, a house-to-house survey of the 
number of towels sent to the laundry weekly turned up 
an average figure two times greater than actual check 
counts made at the laundry over a six-week period indi- 
cated was the fact. The plausible explanation given for 
this discrepancy was that the greater the number of 
towels dirtied each week the higher one’s place in the 
rat race of keeping up with the Joneses. Thus Mrs. 
Smith tended to claim a much higher towel usage than 
was actually the case. 

These reflections emphasize the importance of the 
wording used in preparing questions which are to be 
addressed to the members of the mass panel. Not— 
“What soap do you use for fine underthings ?’’—to 
which the response might be, “Lux!’"—an expensive 
form of soap which Mrs. Housewife may not use at all. 
Rather query, “What soaps do you consider satisfactory 
for fine underthings’’”—to which she replies “Ivory 
Flakes or Rinso or Super-Suds.” This does not tell you 
which she uses, but does give her opinion as to what 
she considers the nature of a satisfactory detergent for 
lingerie to be. You would certainly be sure that she 
did not favor a product such as “Vel” for this purpose, 
possibly because she was not familiar with this type. If 
one were trying to get some idea of an acceptable price 
range for the new product one would do much better 
not to ask Mrs. Johnson if she would pay 29c for a 
package, or if she would buy it at 35c, but rather what 
Mrs. J. thought her friends or neighbors might be will- 
ing to pay for it. 

Having these several points in mind let us now con- 
sider specific techniques to be adopted for our mass taste 
panels. First—how shall the panel be selected? The 
cardinal principle here is that the sample of population 
taken must be representative of the whole which is being 
evaluated. This statement seems almost too elementary 
to merit enlargernent. But consider what happened 
when a chain of newspapers undertook a survey of the 


4 
Ad 
* 
> 
* 


lver- 
new 
as to 
ly he 
vould 
He 
your 
ut to 
*h he 
hable 
pect 
panel 
mind 
yhich 
lual’s 
or 
ance. 
that 
oice, 
un- 
10vel 
yuiry 
ocial 
d up 
heck 
indi- 
n for 
or of 
1 the 
Mrs. 
than 


the 
o be 
nsive 
t all. 
“tory 
vory 
| you 
what 
t for 
she 
pose, 
e. If 
price 
etter 
ora 
what 
will- 


con- 
taste 

The 
ation 
veing 
itary 
ened 


f the 


MASS TASTE PANELS 133 


soap buying and soap using habits of the South. The 
picture which this survey came up with was so at vari- 
ance with sales experience of the manufacturers that one 
of them decided to look into the methods used in the 
newspaper study. Imagine the amazement caused upon 
learning that questionnaires had been sent out through 
Parent-Teachers Associations only. A most convenient 
and cooperative group, to be sure, but one which in the 
South had no negro members. And this in areas where 
the blacks outnumbered the whites sometimes as much 
as two or three to one. 

Some years ago I had occasion to decide on how to 
test the acceptability of a new chocolate syrup to be used 
for making a pasteurized chocolate milk to be distributed 
on company milk routes. Preliminary checking indi- 
cated that probably two-thirds or more of all bottled 
chocolate milk was consumed by children of grammar 
school age and that much of it was drunk between meals. 
In considering how to select a mass taste panel made 
to order, it may be interesting to some of. you to 
learn how these tests were conducted. An empty class 
room was placed at our disposal. We used paired sam- 
ples of chocolate milk prepared commercially for us in 
a local pasteurizing plant. We were particularly in- 
terested in evaluating the two qualities of degree of 
sweetness and of viscosity most acceptable to the con- 
sumer. For one test two bottles of chocolate milk, dif- 
fering by 1.5% in sugar solids, were fitted with straws 
inserted through the cap and placed on top of each desk. 
Every bottle used carried a different identification 
number. A pencil and a brief questionnaire were dis- 
tributed to each desk. The children of the fifth and sixth 
grades of the school were brought in during mid- 
morning, room by room. It was explained to each group 
that we wished them to try both bottles of milk and 
determine if they liked one better than the other. Each 
child was asked to record either “No preference” or 
“Preference for # 7” If one was liked better for a par- 
ticular reason the child was asked to state “Why.” It 
was impossible for one individual to be guided in choice 
by another, since no two bottles were numbered alike. 

The results of this series of tests were highly satis- 
factory. They were used as a guide in the final deter- 
mination of the sweetness and viscosity of the chocolate 
syrup, which was subsequently manufactured commer- 
cially in large quantities. About a year later an occasion 
arose to check the validity of the sweetness determina- 
tion. through the use of a taste panel of children in an 
orphanage located in a distant city. We were gratified 
to find an 80 percent preference for the sweetness 
decided upon on the basis of the original children’s 
panel. 

In selecting a population sample one might confine 
their attention to present users of the particular type of 
product. Or, one might attempt to survey potential 
users as well. Or, more widely, a true cross-section of 
the population might be chosen. The question is just 
where shall the dividing line be drawn. Here it is pertt- 
ment to observe that choices confined to users only are 
apt to be misleading. Consider how useless such a panel 
would have been to Continental Foods seven years ago 
in determining preference for a new dry soup mix. 
Actual users at that time were comparatively few and 


confined to limited areas. Today the number of users of 
dry soup mixes is perhaps a hundred-fold and they are 
distributed throughout the United States, Canada, the 
West Indies and South America. Another aspect of a 
panel of users only is that average consumption varies 
widely between families. For certain food items such 
as canned chicken meat purchases may be three or four 
times as heavy in upper income families as in low income 
units. Vice-versa a small proportion of using families 
might account for 75 percent of the total consumption 
in the case ofamargarine. Therefore the average figures 
of users’ experience may prove quite misleading unless 
carefully screened and proper weighting given to the 
preferences of the heavy users. This only emphasizes 
how carefully the sample used in a given panel must be 
chosen, and how selection will depend on the product 
and the objective. 

Experience with mass taste panels has demonstrated 
that there exists a very definite tendency to prefer the 
food sample which is tasted first, whether the foods are 
consumed at different times or compared side by side. 
To overcome this difficulty it has become customary to 
ask one-half of the panel to sample one of a pair first, 
while the other half is requested to taste the other 
sample first. As additional precaution a subsequent 
query is preferably made to determine which one was 
actually tested first. The results of a typical taste panel 
reaction is given in the following choices between two 
samples of soup: 


— 


led Ist Preferred A Preferred B 


“Samp Ne Preferense 
A 36% 27% 37 
26% 36% 38% 


This illustrates well the pitfalls that must be avoided 
in getting valid answers from a mass taste panel. Even 
with this reversal of first sampling one must scrutinize 
returns carefully to make certain that each group is 
equally represented. 

Another difficulty one frequently experiences in the 
determining of choice in large taste panels is the high 
percentage of “no preference” votes by the respondents. 
In a “blind product test” such a lack of choice may 
mean either : 


(a) The respondent could mot detect a difference 
between the test products, or 

(b) The respondent could detect a difference between 
the products, but had no preference for one over 
the other. 


It is highly desirable to word the queries submitted to 
panel members in such a way that one is able to dis- 
tinguish between these two types of “no preference” 
response. 

The question of whether one should employ a personal 
interview technique on a door-to-door basis or resort to 
a “blind product test” by mail with a return question- 
naire will be answered differently depending on circum- 
stances. If sufficient funds are available to cover the 
much higher cost of the direct interview method it will 
generally prove preferable to the mailing technique. 
Unknown factors may sometimes cause a bias in prefer- 
ence selections which will invalidate results obtained by 
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mail. Personal discussion makes it possible to detect 
and weigh such factors as they may affect the preference 
expressed by the respondent. 

The value of a “blind product test” with a mailed 
response has been considerably questioned in recent 
years because of the failure of certain mail polls to 
reflect a true cross-section of public opinion. One re- 
calls how wide of the mark a Literary Digest poll of 
sentiment, prior to a national election, proved to be. 
Of course, the reason was that it failed to take into 
account a new factor which had entered into the deter- 
mination of choice for a large segment of the electorate 
as a consequence of the Great Depression. However, 
the mail technique has slowly been winning its way 
back to favor with market research people as a result 
of further study of the factors which must be controlled 
in carrying out this type of consumer preference testing. 
In selecting a mass taste panel it is essential to deter- 
mine that the individual participants are interested in 
food flavor and are willing to aid in this sort of research 
effort. No matter how carefully the panel is selected 
from the standpoint of being a true cross-section of the 
group to be reached, the validity of the response will 
be materially lessened if any considerable number of 
_ those included in the panel are not very interested in 
playing along. The composition of the panel should be 
so selected that it gives a proportional sampling by 
family sizes, by economic groups, by city sizes, and by 
geographical areas. It is generally held desirable not 
to select the group from among the known customers of 
one’s own company. This is particularly true if the 
products to be judged may, at times, be improved 
variants of items which the company already has on the 
grocers shelves. For this reason the tendency today 
is to leave the selection of the panels and the mechanics 
for conducting the mail preference study in the hands 
of advertising agencies or special market research or- 
ganizations. If such outside groups are used to conduct 
the tests, competent persons from within the research 
organization of the company, should carry the responsi- 
bility for the frequent checking of questionnaires sent 
out and the panels selected, as well as the validity of 
references or conclusions drawn by the agency from 
the answers returned by the panel members. 


Since the techniques of market research are not yet 
well agreed upon, it is highly desirable for the Research 
Department responsible for the development of the new 
item to give attention to the methods actually employed. 
In other words, it is necessary to research the techniques 
of research made use of in the mass taste panels. One 
method of doing so is to send out the same products on 
a “blind mail test” with questionnaires in which the 
queries are stated in different ways. For example, one 
questionnaire might ask, “How frequently do you serve 
spaghetti? Once a week? Once a month? Seldom? 
Never?” A better way of asking for the same sort of 
information would be, “Did you serve spaghetti to your 
family last week? If so, how often? At what meals? 
What members of the family were present?” The second 
form of query would supply a much more valuable guide 
to the particular eating habits of the respondents’ 
families as regards spaghetti. 


As a corollary to the need for careful representation 
of all groups on the taste panel it follows that a casual 
passer-by does not make a good judge for determining 
food preferences. In the first place the condition under 
which he samples the food is quite abnormal since most 
food is consumed in a dining room, or a restaurant, or 
a breakfast nook. Another objection is that no other 
food is served along with the sample, although normal 
usage for most food items would be as part of a meal. 
Frequently with this type of tasting no control samples 
are served. Thus, there is no opportunity for a true 
preference vote. A further objection arises from the fact 
that no control can be exercised on the grouping of the 
samplers. Depending on the location, one might find 
an over preponderance of housewives. In another area 
the group might be mostly office workers, etc. 


There is a further caution about the selection of panels 
to be used as a guide to consumer preferences. Reliance 
on the opinion of an executive group, a research staff, a 
panel of office workers, or plant workers may lead to 
serious errors. For example, one soap company de- 
veloped a new washing powder for the home which had 
so many plusses that everyone in the organization 
was exceedingly enthusiastic about it and became confi- 
dent that the general public would share their enthusi- 
asm. When efforts were made to market this greatly 
superior washing powder, Mrs. Housewife refused to 
buy it, because it was not white. She thought no wash- 
ing powder could clean clothes satisfactorily unless it 
was snowy white. Our own company had a similar 
experience with a Black Bean Soup Mix. Practically 
everyone in the organization thought that this was a 
wonderful soup. Demonstrations of the new product in 
grocery stores were extremely disappointing, since at 
least half of the customers to whom samples of the soup 
were offered for tasting declined to do so. The color 
was so outside their experience with soups that they 
were not interested in even tasting the sample. 


There are certain questions with regard to carrying 
out “blind product preference tests” with foods on which 
there remains a considerable difference of opinion. One 
of these is concerned with whether the questionnaire 
should be mailed separately to the respondents or 
whether it should accompany the sample. Our own 
method is to mail it with the samples. 

In Figures 1 and 2 are shown the elements which 
comprise the mailed package received by the housewife. 
The mailing is done from a blind address which gives 
no indication of the source of the samples nor the com- 
pany interested in them. Two identical unprinted bags 
are enclosed bearing identifying code numbers (in this 
case No. 63 and No. 79). Each bag is labelled with 
identical cooking directions. The return envelope for 
mailing in of questionnaires is addressed to a fictitious 
person. It is to be noted in Figure 2 that the question- 
naire consists of two parts ; the upper portion (qu. 1-7) 
to be answered by each person tasting the soup in the 
home, while the lower portion (qu. 8-9) is to be filled 
out by the housewife only. An explanatory letter out- 
lines the method to be used in making the home test. 
Usually 4 questionnaires are included in each mailing 
on the assumption that there will usually be not more 
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Fic. 1. Make-up of sample mailing. 


than 4 persons in the family sufficiently old to give 
reliable opinions concerning the acceptability of the 
samples. The latter portion of the questionnaire is 
designed to evaluate qualities which would be particu- 
larly noticed by the housewife. 

We have found that the responses to this type of 
preference valuation with mass taste panels is quite 
valuable in guiding our development department in 
adjusting the food products to suit the general public. 
Usually each panel consists of 400 carefully selected 
families and a 60-65 percent response by families brings 
in from 500-800 completed questionnaires. In _ the 
opinion of our market research specialists this size of 
response is sufficiently large to give reasonable validity 
to the findings of the taste panel. 

Finally, there remains the question of how to measure 
the taste acceptability of a food product different in type 
or kind from any now offered for sale. An example of 
this might be the corn chips known as Fritos which 
were introduced a few years ago. True, it was a fried 
chip and in that sense resembled potato chips. However, 
the peculiar flavor of the corn chip might or might not 
have proven acceptable to any considerable segment of 
the population. The current thinking on this type of 
taste-test is to send out several trial packages of the 
new specialty to a selected panel with an offer to furnish 
additional samples upon request. One might even go a 
step further and offer this group an opportunity to buy 
additional packages directly from the company. If the 
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results of this type of a test indicate a very favorable 
acceptance of the product, a company would probably 
be justified in going directly to a small market sales test. 

In summary, mass taste panels for measuring food 
preferences can be set up to provide reliable guidance 
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concerning the acceptability of a new food specialty 
provided proper precautions are taken to make the panel 
representative and to word questions so as not to bring 
a forced or biased response. However, there remain a 


number of debatable questions regarding techniques 
which can be employed and only by researching these 
continuously can we hope to make progress toward 
insuring greater validity in the results of such tests. 


Taste Perception and Taste Preferences of the Consumer‘ 


KATHERYN E. LANGWILL 


Professor of Nutrition, College of Home Economics, Drexel Institute of Technology 


Da‘a ootained on the taste per.eption and prefer- 
ence for men and women between ages 17 and 30 years 
showed the women to have a higher taste perception 
for sweet, sour, bitter and salt. Taste preference of 
women differed from that of men for excessively salty 
and sour foods. The effect of pH of saliva was stud- 
ied with reference to the ability to differentiate be- 
tween the four basic tastes. 


As consumers of food we all are or should be taste 
conscious. This fact is recognized by many food manu- 
facturers as evidenced by the frequency with which the 
word “flavor” appears in their advertisements. To cite 
a few examples from current publications : 


. Famous for its flavor 

. Delicate natural flavor 

. Flavor and zest have been added 
. Flavor makes the meal go down 
Purity, body, flavor 

“Brisk” flavor 

Fascinating artificial flavor 
Extra rich in flavor and strength 
. Unique flavor 

. “Sing” with flavor 

. Flavor sealed 


OS PN wr = 


No doubt you recognize many of the products so 
advertised and could add others to the list. 

Much of the taste testing for acceptability has been 
done by trained or carefully selected tasting panels. 
Some manufacturers, however, have gone directly to 
the housewife with their products and asked for her 
reaction to perhaps three different brands of the same 
type of product. (A symposium edited by Washington 
Platt “What the Manufacturer Can Learn from Con- 
sumers about Foods’”— March 1941, Food Industries. ) 

In this preliminary report on taste perception and 
taste preferences of the consumer, an attempt was made 
to answer three questions. 

1. Why was this study undertaken ? 


2. How was it carried out ? 
3. What were the findings and conclusions ? 


We were interested not in any particular food 
product but in finding out how acute the sense of taste 
is among consumers and how many can differentiate 
between the four basic tastes—sweet,salt, sour and bitter 
—at concentrations above liminal. Further than this, 
we wished to find out if there was any correlation 
between the pH of the saliva of an individual and the 
ability to taste. While collecting this data, it seemed 
worthwhile to also investigate the preferences of the 


* Presented before the Eighth Annual |. F. T. Convention, 
Philadelphia, Pa., June 8, 1948. 


consumer: that is whether a slightly, moderately, or 
excessively sweet, salty or sour food product was 
preferred. 

It was decided to test the sensitivity of taste by having 
the individuals taste pieces of filter paper: one a blank 
piece, one dipped in a solution of sugar (sucrose), one 
in salt, another in citric acid, and the last in a solution 
of quinine sulfate. This idea was not original as the 
West Virginia Pulp and Paper Company (Tyrone, Pa.) 
had given out cellophane envelopes containing small 
strips of filter paper, marked with different colors, and 
previously dipped in the four solutions at the American 
Chemical Society Convention in Chicago in September 
of 1946, 

Before arriving at the exact concentrations of the 
solutions to be used for the dipping of the filter paper, 
a preliminary test was carried out on twenty-nine women 
from the Welfare Group of the Federation of Women’s 
Clubs in Delaware County. Of this group only six were 
able to differentiate between the four basic tastes. They 
commented that it was fairly easy to distinguish sweet 
and bitter but that salt and sour were too weak. After 
the meeting one of the older women told me confiden- 
tially that she could not taste anything on the slips of 
hlter paper but that it was probably due to the fact that 
she had both upper and lower dentures. 

The suggestion of this group was followed and the 
concentration of both the salt and acid solutions was 
increased. The concentrations finally employed were: 


0.0771 Molar 


Sugar (sucrose ) 


Salt (NaCl) . eee M1539 Molar 
Sour (Citric acid) a ....0.02601 Molar 
Bitter (Quinine sulfate). ....0.001349 Molar 


Large pieces of filter paper (22” x 28”) were cut into 
four small pieces and each was dipped in a different 
solution. The papers were carefully drained and then 
laid on a smooth porcelain tray to dry. The papers were 
marked later with colored crayons and then cut into 
strips 2” long and 34” wide. Five slips of filter paper 
were put into each cellophane envelope—one blank and 
one for each of the four basic tastes. A different color 
was used to mark each piece of filter paper which meant 
that it was possible to set up five different color arrange- 
ments. Therefore, only every fifth person would actually 
be tasting a set of papers where the color and taste were 
the same. The papers to which the cellophane envelope 
was attached were numbered to indicate the color 
arrangement. To illustrate : if 1 appeared in the number, 
then the piece of filter paper marked with a yellow 
crayon was the blank; if 2 appeared in the number, the 
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blank was green ; if 3 appeared in the number, the blank 
was brown; and so forth. Actually the following code 
was employed. 


l 3 5 
Yellow—blank Brown— blank Red—blank 
Brown—sweet Blue—sweet (;sreen—-sweet 
Red—salt Green—salt Blue—salt 
Green—sour Red—sour Yellow—sour 
Blue—bitter Y ellow—bitter Brown— bitter 

2 4 
Green—blank Blue—blank 
Yellow—sweet Red—sweet 


Yellow—salt 
Brown—sour 
Green—bitter 


Brown—salt 
Blue—sour 
Red—bitter 


The individual taking the tasting test was asked to 
check the paper as to sex, age group, and preference in 
relation to degree of sweetness, saltiness and sourness 
of foods. Samples of saliva were collected in sputum 
bottles which were tightly corked until the pH was 
determined by use of a Beckman pH meter (model G 
with glass electrode). This was done within an hour 
after the collection of the sample. 

Now a word about the participants in this study. 
About half of the women tested were student nurses 
from the University of Pennsylvania who were taking 
their first college course in Foods and Nutrition. One 
quarter was made up of freshmen in the College of 
Home Economics at Drexel Institute of Technology 
and most of them were taking their first course in Foods 
Preparation. The other quarter included jumiors and 
seniors at Drexel who had had three or more courses 
in Foods. 

It was through the courtesy of the Chemistry Depart- 
ment at Drexel that we were able to contact the men 
students. The chemistry professors were willing to 
allow the last 15 minutes of the class hour for the giving 
of the tests. The majority of the men students were 
freshmen but we did reach over fifty upper classmen. 
In every case, the tests were given at the end of the 
class hour so that, to the best of our knowledge, nothing 
had been eaten for at least forty-five minutes. There- 
fore, it was felt that previously consumed food would 
have no effect on the pH of the saliva sample collected. 

Samples of saliva were collected from 262 women and 
247, men making a total of 509. Actually we were 
interested in only 499 cases (257 women, 242 men) 
because it was decided to limit our study to students 
under thirty years of age. This eliminated one man and 
four women. The other five students (4 men and | 
woman) were dropped from the study because the pH 
of the saliva was extremely low—5.1 and 5.4. We had 
hoped to be able to obtain a second sample of saliva from 
each of these individuals but this was possible only in 
the case of the woman. The pH of her second sample 
of saliva was 6.1. On questioning the student to learn 
if there was any change in the condition of her mouth 
since giving the first sample, she told us that an open 
cavity had been closed with a temporary filling. It was 
assumed, therefore, that an abnormal condition existed 
in the mouths of the other students whose saliva gave 


a pH below 5.5. 


From a study of the preferences recorded by the 
participants in this experiment, some interesting facts 
were revealed. As might be expected, over 50 percent 
of both men and women preferred their foods only 
moderately sweet and salty. (Sweet, M—66.5, W— 
70.2; Salt, M—55.2, W—52.0). The same percentage 
(16.3) of individuals preferring foods excessively sweet 
was observed for men and for women, but fewer women 
than men preferred only slightly sweet food (W—13.5, 
M—17.2). A higher percentage of women than men 
preferred excessively salty foods (W---21.0; M—15.8) 
but only 2 percent more men than women preferred just 
slightly salty foods. 

When we examined the preferences in relation to 
sourness, we found that more than twice as many women 
(11.9%) as men (5.4%) preferred foods excessively 
sour. The same number of women (111) liked foods 
both moderately and slightly sour. With men, the pic- 
ture was quite different. Fifty-seven percent (57.2%) 
preferred only slightly sour foods and 37.5 percent chose 
moderately sour. 

In analyzing the results of the tasting test, it was 
found that 113 of the 242 men or 46.7% were able to 
differentiate between the four basic tastes at the concen- 
trations employed. One hundred and ninety-eight 
(198) out of the 257 women students or 77.0% were 
able to distinguish the four basic tastes. This seemed 
to indicate that the women were considerably more 
sensitive to taste than the men. When we broke down 
the number of men students into two age groups—those 
below 20 years of age and those 20 years or over—we 
found that less than 2 percent in the older age group 
were better able to differentiate between the basic tastes. 
When the women students were divided into the two 
age groups, 78.9 percent of the women 20 or more years 
of age and 73.3 percent of the women under 20 years of 
age were able to distinguish the basic tastes. Therefore, 
the amount of training in Foods may have some slight 
influence on the student’s ability to discriminate when 
tasting. 

On further analysis of our figures, it was found that, 
of the 129 men who were unable to distinguish correctly 
between the four basic tastes and the blank piece of 
filter paper, 70 confused two flavors, 29 confused 3, 
24 confused 4 and only 6 men were wrong on all five 
counts. The two combinations of tastes or flavors which 
were missed an equal number of times by the 70 men 
who confused only two of the pieces of filter paper were 
“salt and sour” and “blank and sour.” Of the men who 
judged incorrectly two or three of the flavors, the 
greatest number of them had saliva of a pH between 
6.8 and 7.1. Of those who missed four or five of the 
flavors, the pH of the saliva samples was more widely 
distributed and did not show a significant concentration 
as near the neutral point. 

Practically the same results held for the women who 
were unable to differentiate between the four basic 
tastes and the blank piece of filter paper. Forty-one 
confused 2 flavors, 8 confused 3, 9 confused 4 and only 
one judged all incorrectly. The two combinations of 
flavors which were missed an equal number of times 
by the women who confused only two flavors were “salt 
and sour” and “sour and bitter.” Again it was found 
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that the pH range which included the greatest number 
of women who were unable to differentiate correctly 
between two, three or four of the flavors was between 


6.8 and 7.1. 
In an attempt to show graphically the relationship 
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between pH of saliva and ability to taste, four histo- 
grams (Plates 1-I1\V) were prepared. When we com- 
pared the histogram of the men who were able to 
differentiate correctly between the four basic tastes and 
the one of those who were not able to do so, we found 
that in both instances the greatest number of cases fell 
within the pH range of 6.8 and 7.1. This condition 
also existed among the women tasters as will be noted 
by examining the two histograms prepared from the 
results of the tests on women. Again in both instances, 
the greatest number of cases fell between the pH range 
of 6.8 and 7.1. This indicated that apparently the pH 
of the saliva did not influence the individual's sensitivity 
to the four basic tastes at comparately low concentra- 
tions. 

A graph (Plate V) was made plotting the pH on the 
horizontal axis and percentage correctly distinguishing 
the basic tastes on the vertical axis. This showed again 
the fact that men were less discriminating in their taste. 

Comments made by some of the participants in the 
study may be of interest. One of the young women said 
that she had had severe sinus trouble for the past year 
and could taste nothing on the filter papers. A young 
man told me that he had been using nose drops for his 
cold so he doubted if he could taste very well. He passed 
in a perfect score. The men who had been in service 
reported they could not taste well after tasting the bitter 
piece of filter paper. 

In summary, the conclusions derived from this study 
of taste perception and taste preferences of the consumer 
and applicable only to a specific age group—approxi- 
mately 17 to 30 years of age—were the following: 

1. Over 50 percent of both men and women preferred 
moderately sweet and salty foods. 

2. More women than men preferred excessively salty 
and sour foods. 

3. Over 50 percent of the men liked slightly sour 
foods. 

4. The pH of the saliva did not appear to have any 
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influence on the ability of an individual to differentiate 
between the four basic tastes since the greatest number 
of correct and incorrect answers were submitted by 
individuals whose saliva showed a pH of between 6.8 
and 7.1. 

5. Women showed a greater sensitivity of taste in 
distinguishing between the four basic tastes—sweet, salt, 
sour and bitter. 


Fermentation Activity and Survival of Yeast in Frozen Fermented 
and Untermented Doughs 
WILLARD J. GODKIN ann WILLIAM H. CATHCART 


The Great Atlantic and Pacific Tea Company, National Bakery Division, New York City 


Data are presented relative to the survival of yeast 
at sub-freezing temperatures. Experimental results 
and information pertinent to the viability of baker's 
yeast, Saccharomyces cerevisiae, in frozen doughs, as 


well as the possible influence of the freezing rate upon 
the biological activity of yeast, are also discussed. 


Introduction 

It has been a general belief that micro-organisms tend 
to die out when held at below-freezing temperatures. 
This view is supported by Berry (2) when he speaks 
about many kinds of bacteria failing to grow at 32° F. 
(O° C.), and all types of micro-organisms being sup- 
pressed and tending to die out at approximately 15° F. 
(—9.5° C.). The literature reports growth of various 
species of micro-organisms at sub-freezing temperatures, 
however, there is little indication of microbial growth 


occurring below 14° F. (— 10° C.), Berry and Magoon 
(5), Smart (13), Haines (9), and Berry (3). The 
occurrence of some micro-organisms showing this 
ability to grow at low temperatures is probably the result 
of several factors, such as species or strain resistance to 
low temperatures, humidity and oxygen relationships, 
rate of freezing, pH of substrate, sub-freezing storage 
temperature, and composition of the material containing 
the micro-organisms. Although many observers believe 
that the absence of sufficient liquid water prevents 
metabolism and growth of micro-organisms, evidence to 
the contrary has been supplied by the investigators 
previously referred to. Rapid freezing with desiccation 
has been shown to be a very successful method of pre- 
serving bacterial cultures. Since Haines (8, 7), did not 
find the rate of freezing to have an effect on the propor- 
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tion of cells killed, he thought that the death of bacteria 
in the frozen state was probably due to some change in 
a part of the cellular proteins which lead to denaturation 
and subsequent flocculation. Such a denaturation of 
proteins is not thought to occur with rapid freezing and 
desiccation. Haines found a 28° F. (— 2° C.) storage 
of a frozen solution of native cellular proteins of P. aeru- 
ginosa extracted at low temperature to lead to rapid 
coagulation of one fraction. This flocculation was negli- 
gible at a storage temperature of — 4° F. (— 20° C.). 
McFarlane (11, 12), in working with a cold resistant 
strain of yeast, found that the increase in hydrogen ions 
hastened destruction of yeast cells, and that 30-50 
percent sticrose solutions with pH5 containing yeast 
cells frozen and held at 14° and — 4° F. (— 10° and 
— 20° C.) retarded the destruction of the cells. Tanner 
and Williamson (16), found great species variation with 
yeasts and bacteria in resistance to freezing with spore- 
forming bacteria being more resistant. They also found 
the prolonged action of sub-freezing temperatures 
tended to destroy the cells of yeasts and bacteria. 

A number of investigators have studied the effect of 
temperature and storage upon the viability and baking 
properties of both dry and moist yeast. In most cases 
the yeast, whether moist or dry, was subjected to vary- 
ing conditions of temperature and storage prior to its 
incorporation in a dough. Iwanowski and Brezezinski 
(10), found that yeast could be stored at 32° F. (0° C.) 
for two to three months and not show marked deteriora- 
tion. When the yeast was stored at 56° F. (13.5° C.) 
for about two weeks, there were 10 to 20 percent dead 
cells present and storage at 72° F. (22° C.) for one 
week showed the presence of about 20 percent of dead 
cells. They concluded that storage of the yeast at these 
temperatures and periods of time did not produce 
marked changes in its physiological state with the excep- 
tion of loss of ability to bud when stored at 72° F. 
(22° C.). Cook and Malloch (6), found little change 
in the gas producing ability of yeast stored at 0° F. 
(— 18° C.) up to ten days. Staiger and Glaubitz (/4), 
stored yeast at 14° to — 13° F. (— 10° to — 25° C.) 
for one to four days and then thawed the yeast at room 
temperature and 41° F. (5°C.) respectively. Very 
little change in properties was noticed and the baking 
and keeping qualities of the yeast, the nitrogen content, 
and biological appearance remained practically normal. 
Bailey, Bartram, and Rowe (1), stored compressed 
yeast, which had previously been packed with dry ice 
for two days, but not frozen, along with fresh com- 
pressed yeast at temperatures of 0°, 20°, 30°, and 45° F. 
(—18°, —6.5°, —1° and 7°C.) for three months. 
Microscopical, pH, and baking tests were made at the 
beginning and the end of one, two, and three months’ 
storage. The yeast that had been packed with dry ice 
deteriorated more rapidly than the fresh yeast stored 
under the same conditions of time and temperatures. The 
frozen yeast became mushy after it was thawed. The 
storage temperature of 30° F. (—1°C.) was con- 
sidered most suitable since the yeast did not freeze nor 
lose its normal consistency, and bread made from this 
yeast was fully equal to that made with yeast stored at 
the other temperatures used in their experiments. Thev 
found that the temperature of dry ice —109° F. 
(— 78.5° C.), injured yeast in 24 hours and subsequent 
storage below freezing increased the amount of deterio- 


ration. Thiessen (1/7), found compressed yeast to be 
well preserved for from one to three months by freezing 
at 19° F. (— 7° C.) and that the yeast resumed almost 
normal biological activity when mixed into a dough and 
placed under favorable environmental conditions. 

Sunderlin, Collins, and Acheson (15), conducted 
frozen roll dough experiments in which the dough, after 
one rising and punching was packed into containers, 
sealed, and put through the “quick freeze” at — 10° F. 
(—- 23.5° C.), then placed in the frozen locker and held 
at O° F. (— 18° C.). Tests showed that the yeast cells 
were not destroyed by this process. Up to a six week 
frozen storage period, the roll dough, when thawed, 
allowed to rise, molded, proofed, and baked, made 
acceptable rolls. When the rolls were stored for a longer 
period, “off flavors and odors” developed. 


Experimental Procedure and Results 


In the preliminary work with frozen bread sponge 
dough, it was found that fermented sponges could only 
be kept frozen for a short time at — 10° F. (—23.5° C.) 
(3 days to 1 week) without deleteriously affecting the 
yeast. As the freezing storage interval was increased 
the sponge became increasingly lacking in fermentative 
activity. Sponge doughs which had been frozen and 
held at —10°F. (—23.5°C.) without any prior 
fermentation period showed a greater amount of fermen- 
tative activity than similarly handled fermented doughs 
after one month’s storage. In all cases the sponges were 
packaged in sealed cardboard quart containers wrapped 
with cellophane, prior to freezing and subequent stor- 
age. When removed from storage, both the fermented 
and unfermented sponge doughs were allowed to thaw 
out at room temperature and then remixed with the re- 
maining dough ingredients. After remixing, the doughs 
were given a pan proof and then baked. 

Some further preliminary bake tests were run using 
both dry yeast and compressed yeast which had been 
cultured under abnormal conditions. Both yeasts were 
cultivated in a broth containing 4 percent maltose, 
1 percent peptone, and 0.1 percent ammonium chloride, 
and while vigorous and active were transferred to a 
deficient nutrient broth similar to that of Gorodkowa’s 
Sporulating Agar Medium, except for the elimination 
of the agar. The yeasts were held in the deficient 
medium until the cells ceased to reproduce and internally 
showed a large amount of granular reserve material and 
thick cell walls but devoid of spores. The yeast was 
then recovered by centrifugation and stored at 35° F. 
(1.5° C.) ina plastic condition. Bread baked with these 
special prepared yeasts which had been stored for one 
month at 35° F. (1.5° C.) was comparable to bread 
prepared from fresh commercial dry and compressed 
yeasts. Although the abnormal cultured yeasts were 
active when introduced into a sponge dough prior to 
freezing, subsequent freezing and storage of the un- 
fermented doughs containing these yeasts at — 10° F. 


(— 23.5° C.) for one month rendered them practically” 


lifeless and incapable of fermentation activity. 

Some early work had also been done in refrigerating 
straight fermented doughs at 40° F. (4.5° C.) which 
had been packaged in glass containers with the clamping 
type covers. Storage of these doughs for two weeks was 
detrimental to the yeast, since even fortification with 
approximately one percent fresh yeast, prior to proofing, 
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produced a very poor loaf of bread with a sour aroma 
and taste. Later, a simple fermented sponge was flat- 
tened out in a shallow pan, wrapped in cellophane, and 
stored at 35° F. (1.5°C.) After a storage period of 
five weeks, the sponge still had life and, although the 
pan proof was extended twenty-five minutes beyond 
that of the control, no additional fresh yeast was added. 
The loaves had good volume with a slight sour odor and 
off taste. 

The principal part of this work with frozen doughs 1s 
concerned with several series of roll doughs which were 
frozen and stored under varying conditions.* The roll 
dough formula used was as follows: 


Shortening... . 12% Ib. 
Whole eggs.......... | 
Powdered skim milk. 
64 
Salt... | 134 Ib. 
Y east... 
Yeast food... oz. 


These series of roll doughs were made and handled 
in the following manner : 

Series No. 1—Unfermented dough frozen and stored at 
—10° F. (—23.5° C.). The rolls were formed, placed in a pan, 
covered with a cardboard lid, wrapped with cellophane, placed im 
a cardboard box, frozen, and stored. 

Series No. 2—Unfermented dough frozen and stored at 
0° F. (— 18° C.). These rolls were handled in a manner similar 
to that in series No. 1, except that the pans were individually 
placed on the metal plates in the freezing cabinet instead of being 
further covered by a cardboard box. 

Series No. 3—Fermented dough frozen and stored at — 10° F. 
(—23.5° C.). Except for a fermentation period of approxi- 
mately 3 hours prior to freezing, the rolls were handled similarly 
to those in Series No. 1. 

Series No. 4—Fermented dough frozen and stored at 0° F. 
(—18°C.). The rolls were fermented approximately 3 hours 
prior to freezing and handled similarly to those in Series No. 2. 


Freezing-rate curves of two different Series (Series 
No. 1 and 2) roll doughs were recorded by using a 
Leeds & Northrup Potentiometer and extending the 
thermocouple leads into the center of the rolls (Figure 
1). In addition the freezing-rate curve was run on an 
unfermented panned roll dough in which the pan was 
placed directly on a metal rack in the — 10° F. 
(— 23.5° C.) freezing cabinet ( Figure 1). 

The frozen doughs were stored at temperatures of 
0° and —10° F. (— 18° and — 23.5° C.) for increasing 
periods of time. As each pan of roll dough was removed 
from the freezing cabinet, one single roll was removed 
aseptically for a yeast count. The remaining rolls were 
placed in the fermentation cabinet held at 86° F. 
(30° C.) and 85 percent relative humidity and allowed 
to proof to a predetermined height which had been 
established with unfrozen control bakes. The interval 
of time from freezer to oven was recorded. Each set of 
rolls was baked for 20 minutes at 380° F. (193.5° C.). 
Following baking, the rolls were evaluated as to volume, 


*It was felt that the panned roll doughs, because of their 
smaller size, would offer a better medium for quick freezing 
than the previously mentioned bread doughs. The formula 
cited is similar to the one used by Sunderlin, Collins, and 
Acheson (15) in their successful freezing experiments with roll 


doughs. 
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Fie. 1. Cooling rates of unfermented roll doughs in —18°C. 
and —23.5°C. freezing cabinets. @ = pans of roll doughs 
placed in cardboard box in —23.5°C. cabinet; © = pans of 
roll doughs placed on metal rack in —23.5°C. cabinet; 
O = pans of roll doughs placed on metal rack in —I18°C. 
cabinet. 


aroma, taste, texture of crumb, etc. (Tables 1, 2, 3, 4, 
and 5). 

The yeast counts were run on each set by weighing 
10 grams of the roll, that had been taken for this use, 
into 92 cc. of sterile 0.85 percent sodium chloride solu- 
tion and mixing in a Waring Blendor for three minutes. 
The suspension was found to have a volume of 100 cc., 
exclusive of foam. Further dilution of the dough suspen- 
sion was made to give yeast counts which ranged 
between 30 and 300 colonies per plate. A 4 percent 
maltose and 1 percent peptone nutrient agar was used 
with the pH adjusted to 3.75 prior to pouring the plates. 
Yeast counts were taken after incubating the plates for 
72 hours at 86° F. (30° C.) in a chamber with the rela- 
tive humidity adjusted to 85 percent. Even though the 
Waring Blendor did break up the dough into very small 
particles, it was realized that the counts would tend to 
be low due to clumping of the yeast cells on and within 
the dough particles. The high dilutions used in order 
to have plates showing 30 to 300 colonies were advan- 
tageous, since they culled out the contaminating molds 
and wild yeasts normally present in the various in- 
gredients used for preparing roll doughs. 

Also included in this report is an experiment com- 
paring the baking qualities of three different commercial 
brands of compressed yeast which had been frozen. 
Three fresh one-pound samples of these yeasts were 
frozen and stored at —10° F. (—23.5° C.) for 7 months. 
Each sample had been wrapped in cellophane with an 
outer covering of wrapping paper. Following storage, 
sections were taken from the exterior of the cakes to 
one-fourth inch inward and also the center portion 
to one-half inch outward. These samples were allowed 
to thaw to room temperature and then used for making 
bread. In one case the pan proof of the doughs contain- 
ing the prefrozen yeast was allowed the same time in- 
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TABLE 1 
Series No. 1—Unfermented Roll Dough Frozen and Stored at — 23.5° C. 
Thaw and pan proof | | Yeast cells per gram of 
Number of interval ! Baking | V olume dough; Standard plate 
days stored | See ce. count 30° C. for 72 Remarks 
Hours Minutes Minutes | hr. at 85% R. H. 
ms 1 47 20 1210 290,000,000 Comparable to control 
Bisa 1 35 20 1295 270,000,000 Comparable to control 
3 1 30 20 1215 259,000,000 Comparable to control 
35 20 1280 207,000,000 Comparable to control 
RF 1 35 | 20 1285 264,000,000 Slightly more open grain 
55 20 1295 210,000,000 Slightly more open grain 
14 l $2 20 1215 200,000,000 Slightly more open grain 
RS 1 50 | 20 1285 19,000,000 Slightly more open grain 
28... 2 ® 20 1270 12,000,000 Shghtly more open grain 
37 2 20 | 20 | 1160 12,000,000 Slightly more open grain 
51 2 55 | 20 | 1190 < 1,000,000 Coarser grain 
66 3 10 | 20 | 1170 < 100,000 Coarser grain plus surface rupture 
SE Ia 3 27 20 1115 < 100,000 Very coarse grain, dark crumb, 
| | and surface rupture 
Control ? l 35° | 20 | 1325 306,000,000 Taste, color, crumb, etc. satisfactory 
1 Doughs thawed and proofed in fermentation cabinet maintained at 30° C. and 85% R. H. 
? Rolls not frozen. 
* Pan proof. 
TABLE 2 
Series No. 2—-Unfermented Roll Dough Frozen and Stored at eh 
Thaw and pan proof ’ Yeast cells per gram of | 
Number of interval * Baking Volume dough; Standard plate 
days stored Time cc. count 30° C. for 72 Remarks 
Hours Minutes Minutes hr. at 85% R. H. 
4... | 48 20 1280 “; 215,000,000 | Comparable to control 
6 ! 45 20 1275 206,000,000 | Comparable to control 
2 3 20 1265 186,000,000 _ Comparable to control 
20... 2 35? 20 1370 210,000,000 Comparable to control 
28... 2 15 20 1280 135,000,000 | Comparable to control 
38... 2 15 20 1305 3,000,000 | Comparable to control 
61. 2 50 20 1260 < 1,000,000 | Comparable to control 
75 3 18 20 1215 < 100,000 _ Coarser grain and slightly darkened 
| crumb 
Control * l 35° 20 1240 225,000,000 Taste, color, crumb, etc. satisfactory 
* Doughs thawed and proofed in fermentation cabinet maintained at 30° C. and 85% R. H. 
*? Overproofed. Rolls accidentally proofed to a greater height than standard control. 
* Rolls not frozen. 
* Pan proof. 
TABLE 3 
Series No. 3—Fermented Roll Dough Frozen and Stored at -—— 23.5° C. 
Thaw and pan proof Yeast celle per gram of 
Number of interval ! Baking Volume dough; Standard plate 
days stored Time cc. count 30° C. for 72 Remarks 
Hours Minutes Minutes hr. at 85% R.H. 
= ] 33 20 1380 240,000,000 Comparable to control | 
Ph ain 1 45 20 1295 201,000,000 Comparable to control 
ae l 49 20 1330 215,000,000 Comparable to control 
es ] 40 20 1295 185,000,000 Comparable to control 
42 20 1235 187,000,000 Comparable to control 
11 1150 48.000,000 Shghtly darker crumb and break. 
down of crumb structure 
14 ? 1S 20 1225 32.000.000 Slightly darker crumb and break- 
down of crumb structure 
21 3 26? 20 1165 0.000.000 Crumb darkness and breakdown of 
29 5 1195 $6.000.000 Crumb darkness and breakdown of | 
85 5 10? ”) 850 Very coarse grain, heavy break- | 
down of grain structure, and 
very pale crust ‘ 
Control 55* 20 1275 251,000,000 Taste, color, crumb, etc. satisfactory 
* Doughs thawed and proofed in fermentation cabinet maintained at 30° C. and 85% R.H. 
- ® Frozen rolls raised, indicating longer floor time interval prior to freezing. ' 
* Rolls not frozen. j 
* Pan proof. 
terval as the control dough containing unfrozen fresh compared against the control for volume, aroma, taste, : 
yeast, while in the other case the pan proof time was color, crumb texture, etc. (Table 6). : 
extended so that the loaves would have a prebaking In addition to the experimental work already cited in 
height comparable to the control. The baked loaves were this report, Table 7 is shown listing the survival of vari- ; 
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TABLE 4 
Series No. 4—Fermented Roll Dough Frozen and Stored at — 18° C. 
Thaw and pan proof Yeast cells per gram of . 
Number of interval ! Baking Volume dough; Standard plate | 
days stored Time cc. count 30° C. for 72 | Remarks 
Hours Minutes Minutes hr. at 85% R. H. 
4 - l 30 20 1275 206,000,000 Comparable to control 
6 1 34 20 1235 198,000,000 Crumb slightly darkened; slight 
breakdown of crumb structure 
12 fies l 53 20 1240 206,000,000 Crumb slightly darkened; slight : 
breakdown of crumb structure | 
20... me 2 42° 20 1300 234,000,000 Crumb slightly darkened; slight | 
breakdown of crumb structure 
rupture 28 ' 2 38* 20 1240 85,000,000 Crumb slightly darkened; slight 
nb, breakdown of crumb structure 
See sal 2 35 20 1225 < 100,000 Crumb slightly darkened; slight | 
6! 5 10? 20 1035 < 100,000 Coarser grain and increase in break- 
down of crumb structure 
a 75 5 10 20 910 dein’ Very pale crust, darker crumb and i 
ruptured grain structure 
Control * 55° 20 1285 225,000,000 Taste, color, crumb, ete. satisfactory 
—— * Doughs thawed and proofed in fermentation cabinet maintained at 30° C. and 85% R. H. 
? Overproofed. Rolls accidentally proofed to a greater height than standard control. 
* Frozen rolls raised, indicating longer floor time interval prior to freezing. } 
* Rolls not frozen. 
* Pan proof. 4 
, > 
TABLE 5 
Effect of Cooling Rate on Unfermented Roll Doughs Frozen and Stored at — 18° and —- 23.5° ©. 
No. of days Baking Volume 
Modification Stored Time ce. Remarks | 
darkened 
Hours Minutes Minutes 
tisfactory Pans of roll doughs placed in card. 75 | 3 27 20 1115 Very coarse grain, dark crumb, ; 
wapoeanie board box in — 23.5° C. cabinet | and surface rupture | 
Pans of roll doughs placed on metal 75 3 2 20 1295 Slightly darker crumb showing more | 
rack in —- 23.5° C. cabinet open grain than controls 
——— Pans of roll doughs placed on metal 75 | 3 18 20 1215 Coarser grain and slightly darker | 
rack in — 18° C. cabinet | crumb than controls : 
Control No. 1— Rolls not frozen | l 35? 20 | 1325 Taste, color, texture, etc. satisfactory 
| 
Control No. 2——-Rolls not frozen -- | 35 20 1240 Taste, color, texture, etc. satisfactory 
‘ Doughs thawed and proofed in fermentation cabinet maintained at 30° C. and 85% R. H. ; 
ous yeast strains frozen and stored at — 10° F. 
(— 23.5° C.). These strains were originally purified 
by diluting, reculturing, and then freezing and storing : 
at —10° F. (—23.5°C.) in O85 percent sodium 
ro chloride with a pH of 5.2. Counts were made at dif- 
ferent intervals of storage and thus the cultures were, in i 
aia all cases, repeatedly subjected to alternate freezing . 
and thawing. The experimental grown spore yeast was 
down of derived from a sample of dry yeast (See Table 7, Strain 
No. 2) which sporulated readily when transferred from 
down of an active growing state to Gorodkowa’s Sporulating 
Agar. Actual photographs of the asci containing spores, | 
break: from this yeast, are shown in Figure 2. The abnormal 
cultured yeasts (Strains No. 3 and 4, Table 7) were Fic. 2. Experimental grown spore yeast from dry yeast. 
aici the same as the special prepared yeasts previously men- a. Several asci showing sporulation. x2000. 
== tioned in this paper. As shown in Table 7, all counts b. Single ascus showing 4 spores. x1300. 
were made after an incubation period of 3 days at 
86° F. (30° C.), using a 4 percent maltose and | per- spore counts for the first few weeks of storage were 
_ cent peptone nutrient agar and adjusting the pH to probably on the high side, due to the survival of an 
. taste, 3.75 before pouring the plates. The original yeast spore appreciable number of vegetative cells during this period. 
counts were based on a percentage of the total plate 
ey count, this percentage having been determined by noting Discussion 
the amount of sporulation for each sample shown in Little success was shown with bread sponge doughs 
of vari- 
approximately 25 microscopic fields. Consequently frozen and held at —10° F. (— 23.5° C.) where storage 


144 FOOD TECHNOLOGY, APRIL, 1949 


TABLE 6 
i Fermentation Activity of Commercial Yeasts Frozen 7 Months at — 23.5° C. 
“onditi Sponge fermen — Vol 
Yeast Sample ation time * | Baking Test Remarks 
Hours Hours Minutes 
No. 1—Interior Section Soft but retained shape 3 1 15 | 1790 Comparable to control except for 
lower volume and compactness 
No. 1—Interior Section Soft but retained shape 3 2 5 2200 Comparable to control 
No. 1+-Exterior Section Soft but retained shape 3 l 15 1855 Comparable to control except for 
lower volume and compactness 
No. 1—-Exterior Section Soft but retained shape 3 2 5 2275 Comparable to control 
No. 2—-Interior Section Plastic—loss of shape 3 l 15 1805 Comparable to control except for 
lower volume and compactness 
No. 2—-Interior Section Plastic—-loss of shape 3 2 5 2325 Comparable to control 
No. 2—-Exterior Section Plastic-—loss of shape 3 l 15 1990 Comparable to control except for 
| lower volume and compactness 
No. 2—-Exterior Section Plastic-—loss of shape | 3 2 5 2350 Comparable to control 
: | Very poor volume and weakly fer- 
No. 3-—Interior Section Fluid 3 ] 15 | 1675 mented product. Increase in proof 


time not effective. 


Very poor volume and weakly fer- 


No. 3—-Exterior Section Fluid 3 l 15 1690 mented product. Increase in proof 
| time not effective. 
Control—Unfrozen fresh 3 l 15 2250 Aroma, taste, color, crumb, texture, 


compressed yeast etc. satisfactory 


1 Interior section—frozen yeast selected from inner portion of cake (from center to 4%” outward). 


Exterior section—frozen yeast selected from exterior portion of cake (from surface to '4” inward). 
2 Sponge and dough fermented at 30° C. and 85% R. H. 


TABLE 7 


72 hr. 


Yeast cells per cc.; standard plate count 30° C. for 
Strain Source = Storage interval 
Count One Week Two Weeks | Four Weeks | Five Weeks Six Weeks | Eight Weeks 
Fresh compressed yeast 15,000,000 2,600,000 600,000 139,000 53.000 
Z Fresh dry yeast 1,800,000 52,000 8,000 1,000 500 i 46 
P 
3 Aged compressed yeast abnor. 3,900,000 50,000 4,500 2,000 65 T 
mally cultured 
4 Aged dry yeast abnormally 1,200,000 10,000 600 40 10 0 
cultured 
5 Pink yeast from frozen berries 2,300,000 700,000 180,000 102,000 77,000 16,000 
6 Vegetative yeast cultivated from 2,500,000 940,000 72,000 . 17,000 
yeast spores 
7 Yeast spores—-No. 1 150,000 148,000 156,000 133,000 142,000 120,000 
8 Yeast spores——No. 2 1,500,000 1,300,000 lacie 1,200,000 1,000,000 
Yeast spores—-No. 3 5,000,000 4,300,000 4,100,000 3,700,000 
Yeast cells per cc.; standard plate count 30° C. for 72 hr. 
Strain : Storage interval 
No. Source Original ——-—---— 
Count Ten Week Nineteen Twenty-three | Twenty-four | Thirty-eight Fifty-two 
ww Weeks Weeks Weeks ‘eeks Weeks 
I Fresh compressed yeast 15,000,000 2,500 ae 33 3 0 
2 Fresh dry yeast 1,800,000 20 2 om 0 0 
3 Aged compressed yeast abnor- 3,900,000 0 0 
mally cultured 
4 Aged dry yeast abnormally 1,200,000 - 0 U | 
cultured 
5 Pink yeast from frozen berries 2.300.000 7,000 50 0 0 
6 Vegetative yeast cultivated from 2,500,000 cainah 15 0 0 
yeast spores 
‘ 
7 Yeast spores—No. 1! 150,000 110,000 85,000 60,000 32,000 
— ‘ 
8 Yeast spores——-No. 2 1,500,000 | 540,000 330,000 170,000 ( 
9 Yeast spores—-No. 3 5,000,000 2,700,000 2,200,000 2,000,000 1 
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time was greater than one week. Inasmuch as the un- 
fermented doughs, while not acceptable for making 
bread, were superior to the fermented doughs, it was 
thought that the yeast, when subjected to dough fer- 
mentation prior to freezing and storage, was less 
resistant to sub-freezing temperatures than yeast which 
had been incorporated in a dough and frozen without 
fermentation of the dough. The later success obtained 
with freezing and storing roll doughs indicated that the 
rate of freezing apparently influenced the preserving of 
the biological activity of the yeast incorporated therein. 
The bulk size of the bread sponge doughs and insula- 
tive material housing the doughs no doubt contributed 
greatly to slowing down the cooling rate during freezing. 

Both the dry and compressed yeasts, which had 
been recultured in a deficient medium to the point of 
exhibiting granular reserve material within the thick 
cell walls, were less resistant to a sub-freezing tempera- 
ture of — 10° F. (— 23.5° C.) when incorporated in a 
dough than was normal yeast. As shown in Table 7, 
these yeasts apparently died off at a faster rate than did 
normal dry and compressed yeasts when frozen and 
stored under similar conditions. The bake tests made 
with abnormal cultured yeasts were of little experi- 
mental value except to show that fresh normal yeast 
cells are, no doube, more cold resistant than aged yeast 
cells. 

The poor results obtained in the bake tests with 
straight fermented doughs stored at 40° F. (4.5° C.) 
for two weeks indicated that during storage there 
occurred possibly an accumulation of fermentation 
products which were either fungicidal or fungistatic to 
the yeast. It is likely that contaminating acid-producing 
micro-organisms augmented the above-mentioned con- 
dition by their slow production of these inhibitive sub- 
stances. Although the simple yeast-flour-water fer- 
mented sponges made bread greatly superior to the 
fermented straight doughs, even after a storage period 
of 5 weeks at 35° F. (1.5° C), this type of storage over 
long periods of time would be detrimental to a dough 
because of the off flavors produced by the slow growth 
of various contaminating micro-organisms. It is note- 
worthy, however, that the production of the yeast in- 
hibitive agents apparently was greatly reduced during 
storage of the simple yeast-flour-water fermented 
sponges. This decrease in the production of inhibitive 
agents was to be expected because of the omission of 
additional fermentable ingredients in a simple yeast- 
flour-water sponge. 

Tables 1, 2, 3, 4, and 5 give the results of baking tests 
and yeasts counts from the prepared dinner roll doughs. 
It would appear that the yeast cells in the unfermented 
doughs were more resistant to low temperature storage 
and that the yeast cells in the fermented doughs were 
dying off at a faster rate than those in the unfermented 
doughs. The yeast counts appeared to support the 
baking tests for part of the time but as the storage 
interval lengthened the counts became erratic. Inasmuch 
as very poor yeast counts showed up in cases (when 
storage varied from two weeks to three weeks) where 
a good bake test was obtained, it was thought that the 
cells had lost their reproductive ability as low tempera- 
ture storage progressed but still retained fermentative 
activity. That the death of a proportionate number of 


the yeast cells did occur during storage is not to be 
doubted, but that number is not thought to be as high 
as indicated by plate counts. 

The rolls from Series No. 1 (Table 1), were still ac- 
ceptable after 66 days storage at —10° F. (—23.5° C.), 
although after 21 days’ storage the increase in thaw and 
pan proof time was more noticeable. Unfermented roll 
dough stored at 0° F. (— 18° C.) (Series No. 2, Table 
2) made an acceptable bake after a storage period of 
75 days. However, the increase in thaw and pan proof 
time was more evident between the second and third 
weeks’ storage periods. Fermented roll dough stored 
at — 10° F. (—23.5°C) (Series No. 3, Table 3) 
showed inferior qualities after 11 and 14 days’ storage 
but the rolls were still acceptable. 

The set stored for 21 days was not acceptable and it 
was necessary to extend the thaw and proofing time to 
over 3 hours with a resulting low volume product and 
a much darker crumb and broken down cell structure. 
Fermented roll dough stored at 0° F. (— 18°C.) 
(Series No. 4, Table 4), made acceptable rolls after 
38 days of storage but not after 61 days of storage. 
After 61 days of storage a considerable number of yeast 
cells had either died off or lost their fermentative ability. 
The first noticeable increase in thaw and pan proof 
time occurred between the third and fourth weeks’ 
storage. 

Through the course of work with roll doughs several 
factors were observed which could influence results 
when conducting an experiment of this type. With the 
fermented roll doughs there was an increase in floor 
time during the interval each individual panned set of 
the series was completely packaged and frozen. All 
panned doughs were placed in the freezing cabinets at 
the same time and, consequently, those panned and 
packaged last had very little time to raise during floor 
time and freezing. Upon removing the frozen doughs 
from storage some sets were raised more than other sets 
and it was noticed that those which had little or no floor 
proofing time prior to freezing produced a_ better 
product. From this observation it would appear that the 
raised doughs had more insulative air pockets which in 
turn caused a slow-down in their freezing rate. The 
unfermented roll doughs did not show this characteristic 
of raising to any noticeable degree and gave more 
uniform and better baked products. 

When comparing Series No. 1 and 3 unfermented 
and fermented rolls frozen and stored at — 10° F. 
(— 23.5° C.) against Series No. 2 and 4 frozen and 
stored at 0° F. (— 18° C), the latter appeared to hold 
up better although a lower temperature was used 1n the 
former case. As shown in Figure 1, the cooling rate of 
the unfermented rolls of Series No. 1 frozen at — 10° F. 
(— 23.5° C.) was retarded, since they had been placed 
in cardboard boxes prior to freezing whereas, the pans 
of rolls of those frozen at 0° F. (— 18° C.) were placed 
directly on the metal freezing plates in the freezing 
cabinet. Although cooling rates were not run on Series 
No. 3 and 4 fermented roll doughs, it is assumed that 
those of Series No. 3, which had been placed in a card- 
board box in the — 10° F. (— 23.5° C.) cabinet cooled 
at a slower rate than those of Series No. 4 [frozen in 
the 0° F. (— 18° C.) cabinet while in direct contact 
with the cabinet’s metal plates]. When the pans con- 
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